AUTHENTICATED , 
US. GOVERNMENT 
INFORMATION ^ 


S. Hrg. 114-31 

“THE STATE OF TECHNOLOGICAL INNOVATION 
RELATED TO THE ELECTRIC GRID” 


HEARING 

BEFORE THE 

COMMITTEE ON 

ENERGY AND NATURAL RESOURCES 
UNITED STATES SENATE 

ONE HUNDRED EOURTEENTH CONGRESS 
FIRST SESSION 
ON 

“THE STATE OF TECHNOLOGICAL INNOVATION 
RELATED TO THE ELECTRIC GRID” 

MARCH 17, 2015 



Printed for the use of the 
Committee on Energy and Natural Resources 


H 

X 

m 

c /5 

H 

> 

H 

m 

O 

*n 

H 

m 

n 

X 

z 

o 

r-i 

O 

o 

n 

> 

r-i 

z 

z 

o 

$ 

H 

o 

z 

PO 

m 


H 

m 

O 

H 

O 

H 

X 

m 

m 

r-i 

m 

n 

H 

2 

n 

o 

pa 



S. Hrg. 114-31 


“THE STATE OF TECHNOLOGICAL INNOVATION 
RELATED TO THE ELECTRIC GRID” 


HEARING 

BEFORE THE 

COMMITTEE ON 

ENERGY AND NATURAL RESOURCES 
UNITED STATES SENATE 

ONE HUNDRED EOURTEENTH CONGRESS 
FIRST SESSION 
ON 

“THE STATE OF TECHNOLOGICAL INNOVATION 
RELATED TO THE ELECTRIC GRID” 

MARCH 17, 2015 



Printed for the use of the 
Committee on Energy and Natural Resources 


U.S. GOVERNMENT PUBLISHING OFFICE 
94-050 WASHINGTON : 2015 


For sale by the Superintendent of Documents, U.S. Government Publishing Office 
Internet: bookstore.gpo.gov Phone: toll free (866) 512-1800; DC area (202) 512-1800 
Fax: (202) 512-2104 Mail: Stop IDCC, Washington, DC 20402-0001 




COMMITTEE ON ENERGY AND NATURAL RESOURCES 


JAMES E. Risen, Idaho 
MIKE LEE, Utah 
JEFF FLAKE, Arizona 
STEVE DAINES, Montana 
BILL CASSIDY, Louisiana 
CORY GARDNER, Colorado 
ROB PORTMAN, Ohio 
JOHN HOEVEN, North Dakota 
LAMAR ALEXANDER, Tennessee 
SHELLEY MOORE CAPITO, West Virginia 


MARIA CANTWELL, Washington 
RON WYDEN, Oregon 
BERNARD SANDERS, Vermont 
DEBBIE STABENOW, Michigan 
AL FRANKEN, Minnesota 
JOE MANCHIN III, West Virginia 
MARTIN HEINRICH, New Mexico 
MAZIE K. HIRONO, Hawaii 
ANGUS S. KING, Jr., Maine 
ELIZABETH WARREN, Massachusetts 


LISA MURKOWSKI, Alaska, Chairman 
JOHN BARRASSO, Wyoming 


KAREN K. BILLUPS, Staff Director 
PATRICK J. McCORMICK III, Chief Counsel 
KELLIE DONNELLY, Deputy Chief Counsel 
ANGELA BECKER-DIPPMANN, Democratic Staff Director 
SAM E. FOWLER, Democratic Chief Counsel 
SPENCER GRAY, Democratic Professional Staff Member 


(II) 



CONTENTS 


OPENING STATEMENTS 

Page 

Murkowski, Hon. Lisa, Chairman, and a U.S. Senator from Alaska 1 

Cantwell, Hon. Maria. Ranking Member, and a U.S. Senator from Wash- 
ington 3 

WITNESSES 

Howard, Dr. Michael, President and CEO, Electric Power Research Institute 4 

Littlewood, Dr. Peter, Director, Argonne National Laboratory 58 

Taft, Dr. Jeffrey, Chief Architect for Electric Grid Transformation, Pacific 

Northwest National Laboratory 69 

Barton, Lisa, Executive Vice President, Transmission, American Electric 

Power 82 

Edgar, Hon. Lisa, President, National Association of Regulatory Utility Com- 
missioners and Commissioner, Florida Public Service Commission 92 

ALPHABETICAL LISTING AND APPENDIX MATERIAL SUBMITTED 

Barton, Lisa 

Opening Statement 82 

Written Testimony 84 

Responses to Questions for the Record 334 

Cantwell, Hon. Maria 

Opening Statement 3 

Edgar, Hon. Lisa 

Opening Statement 92 

Written Testimony 94 

Responses to Questions for the Record 352 

Howard, Dr. Michael 

Opening Statement 4 

Written Testimony 7 

2011 Technical Report by EPRI entitled “Estimating the Costs and Bene- 
fits of the Smart Grid” 114 

Responses to Questions for the Record 371 

Littlewood, Dr. Peter 

Opening Statement 58 

Written Testimony 60 

Responses to Questions for the Record 390 

Murkowski, Hon. Lisa 

Opening Statement 1 

Taft, Dr. Jeffrey 

Opening Statement 69 

Written Testimony 71 

For the Record: Pacific Northwest Smart Grid Demonstration Project 

entitled “A Compilation of Success Stories” 271 

Responses to Questions for the Record 412 


(III) 




“THE STATE OF TECHNOLOGICAL INNOVA- 
TION RELATED TO THE ELECTRIC GRID” 


TUESDAY, MARCH 17, 2015 

U.S. Senate, 

Committee on Energy and Natural Resources, 

Washington, DC. 

The Committee met, pursuant to notice, at 10:07 a.m. in room 
SD-366, Dirksen Senate Office Building, Hon. Lisa Murkowski, 
Chairman of the Committee, presiding. 

OPENING STATEMENT OF HON. LISA MURKOWSKI, U.S. 

SENATOR FROM ALASKA 

The Chairman. Good morning. 

We’re calling to order the Energy Committee. We are here for a 
Grid 2.0 hearing, and it should excite us all. 

This is a good subject. It is an opportunity for us this morning 
to hear testimony from a panel of experts to evaluate what’s actu- 
ally happening with technological innovation for the electric grid. 
No other electricity network on Earth provides as much power to 
as many people as reliably and affordably as our American grid. It 
really is a modern marvel, and I think we should be proud of what 
we have accomplished. 

Keeping the lights on, as all segments of the industry have for 
the past 100 years, is not just about flicking the switch or changing 
a bulb. It is a highly complex and technical undertaking that re- 
quires scores of talented individuals. 

We have also reached a very good point in time to be looking at 
this subject this morning. The grid was built incrementally, but the 
rate at which it changes, or is compelled to change, appears to be 
accelerating. A combination of market forces, technological innova- 
tion, and policy directives at both the federal and the state levels 
could well result in an unprecedented transformation of the elec- 
tricity sector. 

Today’s developments have tremendous potential, but they also 
present a number of challenges, like smoothing out the 
intermittency of variable, weather dependent generation. With the 
rise of distributed generation and smart grid technologies, Ameri- 
cans are gaining more control over how they use and consume elec- 
tricity, but the grid must be even more closely integrated as a re- 
sult. 

Innovation and new technologies, such as commercially viable 
storage, are clearly necessary to assist in this transformation. We 
are talking a lot in my state about microgrids. Many people don’t 
think of Alaska as being a pioneer in some of these areas, but what 

( 1 ) 
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we are doing with microgrids — which used to he called “isolated 
islanded grids” — is really making a difference in a state where 
sometimes it is tough to keep warm or keep the lights on. 

It is always best when public policy responds to proven tech- 
nology advancements. Today, however, we must hope technology 
can deliver solutions to meet political mandates while satisfying 
our expectations for reliability and affordability. Two major ques- 
tions that I have, and I will be proposing these to the panelists this 
morning, are over what time period can solutions be developed, and 
at what cost? Credible estimates hold that new grid technologies 
alone will require a cumulative investment of between $300 and 
$500 billion over the next 20 years. 

This Administration has rightly classified the electric grid as 
uniquely critical infrastructure because so many things — commu- 
nications, roadways, hospitals — depend upon a functioning grid. 
The reliability of our nation’s grid is therefore paramount, and the 
impact of policy directives must be seriously considered — not dis- 
missed as somehow anti-environment or anti-future. 

I focused our Committee on drafting broad energy legislation and 
expect that electric issues will be a key part of it. We have an im- 
pressive group of panelists with us this morning whose testimony 
will assist us in this effort. 

We have Dr. Michael Howard, who is President and CEO of the 
Electric Power Research Institute. He is going to start us off with 
an overview of the changing integrated grid. He had hoped to use 
a computer for his presentation, but we are still using 19th century 
technology here in the Senate, so we are stuck with posters, but 
thank you for that. 

We have also Dr. Peter Littlewood, who is the Director of Ar- 
gonne National Laboratory. He is joining us because research is 
really the foundation of the federal role, and his lab is a key part 
of our efforts on grid modernization and energy storage. 

We also have Dr. Jeff Taft, who is the Chief Architect for Electric 
Grid Transformations at the Pacific Northwest National Lab. He’s 
here to tell us more about PNNL’s work with smart grid tech- 
nologies and grid modernization. 

We have Lisa Barton, who is the Executive Vice President for 
Transmission for American Electric Power. She is here to share the 
perspective of a major utility that operates the nation’s largest elec- 
tricity transmission system with 40,000 miles of transmission lines 
to deliver electricity in 11 states. 

To round out the panel this morning we have The Honorable 
Lisa Edgar, a Commissioner at the Florida Public Service Commis- 
sion and President of NARUC, the National Association of Regu- 
latory Utility Commissioners. She will present the state’s perspec- 
tive which, of course, is invaluable because so much of this transi- 
tion is happening at the retail level. 

So I welcome all of our panelists, and I look forward to your pres- 
entations. 

We do have a couple of votes coming up a little after 11 o’clock 
this morning, so we may be a little bit disjointed here, but we cer- 
tainly intend to spend the full time this morning getting the most 
that we can from our panelists. 
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With that, I would like to turn to my Ranking Member, Senator 
Cantwell. 

STATEMENT OF HON. MARIA CANTWELL, U.S. SENATOR FROM 

WASHINGTON 

Senator Cantwell. Thank you. Madam Chairman and thank you 
for holding this important hearing today. I also join you in thank- 
ing the witnesses for being here to discuss these issues. 

As our economy has evolved and information technology has 
evolved, we have seen it has disrupted many industries and busi- 
ness models, everything from the telecom industry to the music in- 
dustry. So I think today we’ll have a little bit of discussion about 
what that disruption is also going to mean for the electricity indus- 
try and how the advanced electrical grid is part of efficiency that 
will drive savings to consumers and businesses. 

The grid of tomorrow should offer new opportunities for con- 
sumers, savings on their electricity bills, and lower costs for busi- 
nesses through new technology. These aren’t obscure academic or 
regulatory debates. These things are hitting the streets today. 

States as diverse as Idaho, Georgia, New Jersey, and California 
have sped ahead with distributed generation, smart meters, and 
net metering. Some places around the world, like South Africa and 
Uganda, have skipped the capital-intensive steps of developing cen- 
tralized grids and just used pre-pay options so consumers can ben- 
efit from cheap electricity using American technology. Cities in the 
United States like Spokane, Monterey, Salt Lake, and McAllen, 
Texas, have installed or are considering electric bus designs that 
include wireless charging stations embedded in roadways. 

My point is that we can’t predict where the technology will take 
us, but we can invest in efficient electricity grids that make these 
innovations possible and give consumers more options. 

Our hearing today is about the savings, no matter what the 
source of generation, and putting that to use in a smarter way. It 
doesn’t matter if your state relies on hydro power, like my State 
of Washington, or nuclear or fossil fuels. The cost of wind and solar 
has come down, and the cost of natural gas has come down along 
with the integration of smart appliances. The grid is being used in 
new ways to drive double digit savings. 

The challenges and opportunities we face in upgrading our elec- 
tricity grid and thinking about the global markets is what the de- 
bate of this panel is today. 

According to a 2011 Electric Power Research Institute report, in- 
vestments in the grid will require $300 to $500 billion of new in- 
vestment over the next 20 years. 

Bloomberg New Energy Finance calculated that global smart grid 
investments alone reached $15 billion in 2013, and Pike Research 
estimates that global spending on this will reach $34 billion by 
2020. 

I say those numbers because there’s an opportunity here for the 
United States to continue to perfect technology that will then be- 
come a global platform. 

The first job of utilities, power producers, and technology vendors 
in each of our states is to sell and deliver reliable electricity. The 
federal government is uniquely situated to take the broadest and 
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longest view of that electrical grid as a platform for economic devel- 
opment and diversification. This broad view enables smart people 
like the national labs, that are here today, and a program like 
ARPA-E, to explore solutions that are creative and promising, but 
offer no short term return and will challenge us on how to imple- 
ment these over the long run. 

The grid’s efficiency, enhancing its resiliency, security, and new 
technologies are all part of the decisions that we’re going to hear 
from actual regulators today and how they’re implementing those. 
Obviously some of these solutions are already being pushed in the 
marketplace and can deliver new efficiencies. 

As Chairman Murkowski and I discuss with our colleagues our 
broader energy policy for this Congress, I hope we can find some 
common ground on continuing the federal investment in grid tech- 
nologies. It does pay off for consumers and our economy. 

The Bonneville Power Administration helped lead the way 15 
years ago towards a responsive grid by installing the first network 
of sensors to take wide-area measurements of transmission sys- 
tems. 

We’ll hear from Dr. Taft today from the Pacific Northwest Na- 
tional Lab, headquartered in Richland, Washington. The lab has a 
long history of working hand-in-hand with industry on pioneering 
new methods of controlling our rapidly changing electrical grid, 
with all sorts of new energy storage, new tools for predicting, and 
integrating the output of variable generation such as wind and 
solar. It was also an integral part of the largest smart grid dem- 
onstration project in the country. 

Grid technology companies like Itron, Schweitzer, and Alstom all 
have roots in Washin^on State and employ thousands of people. 
And as our economy grows, it continues to find new sources of dis- 
tributed generation. 

So I want to applaud Secretary Moniz and the Department of 
Energy for convening the Grid Modernization Laboratory Consor- 
tium. This will help spread the wealth of the creativity of our na- 
tional labs through our state, private, and academic partners. 

As I’ve said, I will continue to work with the Chair as we think 
about energy policy on how to support the investments in a smart- 
er grid. Thank you. 

The Chairman. Thank you. Senator Cantwell. With that, we will 
begin with our panel. We’ll start with you. Dr. Howard and just go 
straight on down the line. 

I ask that you to keep your comments to five minutes. Your full 
testimony will be included as part of the record. 

Welcome and good morning. 

STATEMENT OF DR. MICHAEL HOWARD, PRESIDENT AND CEO, 
ELECTRIC POWER RESEARCH INSTITUTE 

Dr. Howard. Thank you very much. Chairman Murkowski, 
Ranking Member Cantwell, and members of the Committee. I’m 
Mike Howard, President and CEO of the Electric Power Research 
Institute. 

This is EPRFs 43rd year. We were started by the electric utility 
industry to focus on advancing the science and technologies needed 
to ensure that society continues to have reliable, affordable, and 
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environmentally responsible electricity. That’s been our focus for 43 
years. 

We are a global organization. We work with utilities across the 
country and in 30 different countries globally, so we have a global 
perspective of some of the challenges that we’re facing. 

Our research at EPRI focuses on the generation of electricity to 
the delivery of electricity to the end use of electricity including en- 
ergy efficiency. Last year we published a report. The report is enti- 
tled, “The Integrated Grid, Realizing the Full Value of Central and 
Distributed Energy Resources,” and my remarks today are going to 
focus on that report and some of the key insights from that report. 

I’m going to use this chart, and you should have a handout as 
well. It’s a simplified version of the electric utility industry, but I’m 
going to refer to that. 

Today’s power system is extremely complex. It’s an inter- 
connected machine that includes everything from generation on the 
left-hand side, to delivery in the middle, to consumers on the right- 
hand side. Traditionally, the system was designed to flow elec- 
tricity from the left-hand side all the way to the right-hand side. 

The system has to make sure that at every given second there 
is enough generation to supply consumer’s demand for electricity, 
and that is a paramount criteria for the safe operation of the elec- 
trical power system. But the entire power system is changing, and 
it’s changing at a very, very fast pace. Faster than I’ve seen in my 
35 year career in this industry, and that’s an exciting time to ob- 
serve and be part of the technologies that are evolving. 

As an example of these changes, let’s look at the customer side 
generation, which is on the right-hand side. It’s causing power, in 
some cases, to flow from the right to the left, and this is intro- 
ducing a two way power flow. It’s just one example of some of the 
changes that are occurring. 

Most of these changes occurring in the power system are occur- 
ring on the right-hand side of this chart, which is at the edge of 
the distribution system, and they’re related to technologies referred 
to as distributed energy resources. These important technologies in- 
clude energy storage, demand response, and smart thermostats, 
which is another example of some of the technologies that are oc- 
curring. 

Our research suggests that the successful integration of these 
distributed energy resources must begin with the existing power 
system. However, the existing power system, specifically the dis- 
tribution system, was not designed to accommodate this high pene- 
tration of distributed energy resources. To fully realize the value of 
these distributed energy resources and to serve all customers at the 
established standards of quality and reliability, we must integrate 
these technologies into the planning and operations of the entire 
power system. 

Most grid connected distributed energy resources benefit from 
the electrical support and the flexibility and reliability of the entire 
power system but are not integrated into the power system. For ex- 
ample, customers with distributed generation may not consume 
any net energy from the grid, yet they need the power at times 
when their own generation, such as rooftop PV, does not provide 
enough immediate electricity. So consumers need the ability or ca- 
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pacity to tap into the grid and even use grid power, though at dif- 
ferent times of the day they may return actual energy to the grid. 
So with increased distributed energy resources capacity related 
costs will become an increased portion of the overall cost of elec- 
tricity. 

One of the key points that I want to emphasize today is the im- 
portance of understanding capacity and energy and the impact that 
it has on the system. 

In my written testimony I’ve outlined in more detail the impor- 
tant items policy makers should consider to enable the integrated 
grid. I appreciate the opportunity to be here this morning, and I 
look forward to your questions. Thank you. 

[The prepared statement of Dr. Howard follows:] 
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EPRl is an independent, non-profit research organization with close to S400 million in annual research 
funding principally from electric utility companies in more than 30 countries. EPRI was started 43 
years ago with a mission to advance safe, reliable, affordable and environmentally responsible 
electricity for society through global collaboration, thought leadership and science and technology 
innovation. This remains the EPRI mission today. 

EPRl brings together electric utility companies, scientists and engineers, along with experts from 
academia, industry and other centers of research to: 

• Collaborate in solving challenges in electricity generation, delivery and use; 

• Provide technical, scientific, and economic analyses to drive long-range research and development 
planning; 

• Support multi-disciplinary, objective research in emerging technologies; and 

• Help accelerate the commercial deployinent of advanced electricity technologies for the benefit of 
the public. 

Early last year EPRl issued an in-depth technical look at the changing power system. This report, The 
Integrated Grid: Realizing the Full Value of Central and Distributed Energy Resources, was the first 
phase in a larger EPRl project to chart the transformation of the power system. Remarks today will 
focus on the Integrated Grid concept. 

The power system is a complex machine that includes everything from how consumers use and interact 
with electricity to how electricity is delivered over a vast network of distribution and transmission 
wires and ultimately the generation of electricity. The end-to-end power system is an interconnected 
machine that is critically important to the economic well-being of this country. An interconnected 
machine or power system means that all devices are electrically connected together. With the 
tremendous advancements that are occurring in how electricity is generated, delivered and now 
personally managed, changes in regulations and management of the power system will also change. 


Please take a look at the diagram below. This is a simplified drawing but a useful, high-level view of 
the power system. 



Many of the innovations are occurring at the edge of the distribution system, the far right-hand side, 
where customers connect to the power system. Because the pow'cr system is interconnected, changes 
that occur at the edge can impact the entire power system, including the rest of the distribution system, 
the tran.srnission system and central generation on the far left-hand side. 

The power system was originally designed to connect large generation plants with customers ranging 
in size from small residential to major industrial manufacturers. The U.S. power system is anchored on 
the left-hand side by approximately 1,000 gigawatts (GW) of central generation and on the other end 
by customers who expect reliable and affordable electricity. 

Electricity flows in one direction from power plants on the left to substations and then to customers on 
the right. The amount of generation is matched with the customer’s needs on a second by second basis. 
This has been the cornerstone of reliable grid operation for more than 1 00 years. 


However, the entire power system is changing at a fast pace, driven by technology and customer 
expectations. For example, customer-sited generation is causing power to flow in some cases from the 
load, w'hich is the right-hand side, to the substation further to the left-hand side, thereby introducing 
two-w'ay power flows. Technologies like smart thennostats are resulting in unique ways customers can 
manage their energy. Variable generation that depends on wind and sun cannot be dispatched to meet 
customer demands, but is available when the resources are available. 

Most of the changes occurring at the edge of the distribution system are related to a class of 
technologies called Distributed Energy Resource.s or DER. Customers, energy suppliers, and 
developers are increasingly adopting these DER technologies with the aim to supplement or supplant 
grid-provided electricity. These important resources include distributed generation resources as well as 
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Storage, demand response resources and a range of technologies that allow remote control of electricity 
use. 

EPRI research suggests that if the various components of the power system arc also integrated 
together, the entire power system can realize the full benefit of all the pieces including the significant 
innovations that are occurring with Distributed Energy Resources and central generation. This is 
outlined in much more detail in the EPRI study referenced earlier, The Integrated Grid: Realizing the 
I'ull Value of Central and Distributed Energy Resources, and provided to this Committee as part of 
written testimony. 

EPRI research further suggests that the successful integration of DER begins with the existing power 
system. The existing pow'cr system, especially the distribution system, w'as not designed to 
accommodate a high penetration of DER while sustaining high levels of electric quality and reliability. 
The technical characteristics of certain types of DER, such as variability and intennittcncy, are quite 
different from central power stations. 

To fully realize the value of distributed resources and to ser\'e all consumers at established standards of 
quality and reliability, DER must be integrated into the planning and operation of the power system. 
Again, this is what is referred to as the Integrated Grid. 



An Integrated Grid should not favor any particular energy technology, power system configuration or 
power market structure. Instead, it should make it possible for stakeholders to identity optimal 
architectures and the most promising configurations — recognizing that the be.st solutions vary with 
local or regional circumstances, goals, and interconnections. 

Most grid-connected DER sources benefit from the electrical support, flexibility, and reliability of the 
grid but they are not integrated into the grid’s operation. Consequently, the full value of DER is not 
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realized in providing support for grid reliability, voltage, frequency, and reactive power - all essential 
for an integrated grid system. 

Customers with distributed generation may not consume any net energy (KWH) from the grid, yet they 
need the grid at times when their generation does not provide them enough immediate electricity. 
Consumers need the ability - or capacity - to tap into the grid and even use grid power, though at 
different times of day they might return actual energy into the grid. 

A consumer’s intermittent need for electricity and the constant ability, or capacity, to deliver it by a 
utility has financial implications. For residential customers, the costs for generation, and transmission 
and distribution (T&D) components can be broken down into two parts: 

1 . Costs of the actual energy used by the customer, and 

2. Costs to provide the capacity to deliver the energy and grid-related services. 

Based on the U.S. Department of Energy’s Annual Energy Outlook 2012, an average customer 
consumes 982 kWh per month, paying an average bill of $ 11 0 per month of which approximately $59 
per month is the cost of actual energy and $5 1 per month is the cost to provide generation capacity and 
other services such as load following, voltage support (known as ancillary services) and transmission 
and distribution capacity. 

Bottom line: A consumer with DER is not necessarily a self-sufficient energy consumer. 

With the growing penetration of variable generation, capacity-and ancillary service-related costs will 
become an increasing portion of the overall cost of electricity. However, with an Integrated Grid, DER 
could more efficiently contribute to the capacity and ancillary services needed to operate the grid. 

Policy and regulatory frameworks are needed to encourage the effective and efficient introduction of 
new technologies, and also provide equitable allocation and recovery of costs incurred to transfomi to 
an Integrated Grid, New market frameworks will have to evolve to assess potential contributions of 
distributed and central resources, allocate costs, and quickly integrate new interconnection and 
communication technologies to system capacity and energy costs. 

EPRI views the following four items as important considerations for policymakers to enable an 
Integrated Grid: 

1 . Interconnection rules and communication technologies and standards; 

2. Assessment and deployment of advanced distribution and reliability technologies; 

3. Strategies for integrating DER with grid planning and operation; and 

4. Enabling policy and regulation. 

In addition, EPRI research results suggest that the policy and technology transformation of the power 
system has three important and concurrent paths. 

First, while moving toward an Integrated Grid, ensure that the current power system assets continue to 
operate safely and with always improving performance. The need to Perform while changing is 
essentia!. 
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Second, the existing and emerging technologies must Adapt to a future state to make the most of 
current power system investments. This will include enabling central generation to perform flexibly as 
well as variable generation to contribute toward system capacity and ancillary services. 

Third, while ensuring that the electricity system Performs well and Adapts, new technologies Create 
new ways to deliver safe, affordable, reliable and environmentally responsible electricity. 

At EPRi, there is a pride in our objective and collaborative electric research, done across companies, 
service territories and the technology applications. The industry has an important job ahead to ensure 
the public has a supply of electricity that is clean, affordable, .safe and secure. The utility industry, 
together with other stakeholders, is up to that challenge, 

EPRI looks forward to offering continued technical support to the electricity sector, public policy- 
makers and other stakeholders to achieve the vision of an Integrated Grid. 
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The Inlegratod G'id 


ixecyfive Symm^sry 


The elecfric power system fias evolved fhrough large, cental 
power plants interconnected via grids oT transmission lines 
and distribution networks that feed power to customers. The 
system is beginning to change - rapidly in some areas - 
with the rise of distributed energy resources (DER) such as 
small natural gas-fueled generators, combined heat and 
power plants, electricity storage, and solar phofovoltaics 
(PV) on rooftops and in larger arrays connected to the 
distribution system, in many settings DER already have 
an impact on the operation of the electric power grid. 
Through a combination of technological improvements, 
policy incentives, and consumer choices in technology and 
service, the role of DER is likely to become more important 
in the future. 


The successful integration of DER depends on the existing 
electric power grid. That grid, especially its distribution 
systems, was not designed to accommodate a high 
penetration of DER while sustoining high levels of electric 
quality and reliability. The technical characteristics of certain 
types of DER, such as variability and intermiftency, are quite 
different from central power stotioris. To realize fully the 
value of distributed resourc,es and to serve all consumers 
at established standards of qualify and reliability, the need 
has arisen to integrate DER in the planning and operation of 
the electricity grid and to expand its scope to include DER 
operation - what EPRI is calling the Integixsfed Grid 
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The grid is expected to change in different, perhaps 
fundamental ways, requiring careful assessment of the costs 
and opportunities of different technological and policy 
pathways. It also requires attention to the reality rfiat the 
value of the grid may accrue to new stakeholders, irK:iuding 
DER suppliers and customers. 

This paper is the first phase in a larger Elecfric Power Research 
Institute (EPRl) project aimed at charting rtie transformation to 
the Integrated Grid. Also under consideration will be new 
business practices based on technologies, systems, and the 
potential for customers to become more active participants 
in the power system. Such information can support prudent, 
cost-effective investment in grid modernization, and Hie 
integration of DER to enable energy efficiency, more 
responsive demand, and the management of variable 
generation such as wind and solar.- 

Along with reinforcing and modernizing the grid it will be 
essential to update interconnection rules and wholesale 
market and retail rate structures so that they adequately value 
both capacity and energy, Secure communicotions systems 
will be needed to connect DER and system operators. As 
distributed resources penetrate the power system more fully, 
a failure to plan for these needs could lead to higher costs 
and lower reliability. 


Analysis integrated grid, as outlined here, should 

no\ favor any particular energy technology, power system 
configuration or power market structure. Instead, it should 
make if possible for stokehoiders to identify optimal 
architectures and the most promising configurations 
- recognizing that the best solutions vary with local 
circumstances, goals, and interconnections. 

Because local circumstances vary, this paper illustrates how 
rtie issues rfiaf are central to the integrated grid are playing 
out in different power systems. For example, Germany's 
©(po’ience illustrates consequences for price, power quality 
and reliability when the drive to achieve a high penetration 
of distributed wind and PV results in outcomes that were 
not yiy anticipated. As a result, German policymakers 
and ufilities now are changing interconnection rules, grid 
expansion plans, DER connectivity requirements, wind 
and PV incentives, and operations to integrate distributed 
resources. 

In the United States, Hawaii has experienced a rapid 
deployment of distributed PV technology that is challenging 
the power system's reliability, in these and other jurisdictions 
policymakers are considering how best to recover the costs 
of an integrated grid from all consumers that benefit from 
its value. 


’ This paper is about DER, but the artolysis is mindful of the ways that DER and grid mfegtoHon could affecf energy efficiency and demand response 
as those could have large effects as well on the olfordabiHty, reliabilily, and environmental cleanliness of the grid. 
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Action Plan 

The current and projected expansion of DER may significantly 
change the technical, operational, environmental, and 
financial character of the electricity sector. An integrated 
grid thot optimizes the power system while providing 
safe, reliable, affordable, and environmentally respc^sible 
elecfricify will require global coliaborafton in fdbwing ' 
four key areas; 

1. interconnection Rules and Communications 
Technologies and Standards 

^ Interconnection rules that preserve voltage support 

and grid management 

® Situational awareness in operations and long term 
planning, including rules-of-the-road for installing 
and operating distributed generation and storage 
devices 

* Robust information and communication 
technologies, including high-speed data processing, 
to allow for seamless interconnection while assuring 
high levels of cyber security 

« A standard language and a common informafhn 
model to enable interoperability among DER of 
different types, from different manufacturers, and 
using different energy management systems 

2. Assessment and Deployment of Advanced Distribution 
ond Reliability Technologies 

■» Smart inverters thot enable distributed energy 
resources to provide voltage and frequency support 
and to communicate with energy management 
systems [1] 

® Distribution management systems ond ubiquitous 


s&isors through which operators con reliably 
intonate distributed generation, storage and end- 
use devices while also interconnecting those systems 
with tran^ission resources in real time [ 2 ] 

® Distributed energy stonage and demand response, 
integral^ wirti Hie energy management system [3] 

3- Strategies for Integrating Dish-ibuted Energy Resources 
wth Grid Planning and Operation 

• Distribution planning and operational processes 
rtiat incorporate DER 

• Fmmeworics for data exchange and coordination 
among DER owners, distribution system operators 
(DSCte) and organizations responsible for 
fransmissictfi planning and operations 

• Flexibility to redefine roles and responsibilities of 
DSOs ond independent system operotors (ISOs) 

4. Enabling Policy and Regulation 

• Capacity-related costs must become o distinct 
element of the cost of grid-supplied electricity to 
ensure long-term system reliability 

' Power market rules that ensure long-term adequacy 
of both energy ond capacity 

• Policy and regulatory framework to ensure costs 
incurred to transform to an integrated grid are 
allocated and recovered responsibly, efficiently, 
and equitably 

» New miarket frameworks using economics and 
engineering to equip investors and other stakeholders 
in assessing potential contributions of distributed 
resources to system capacity and energy costs 
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Next Steps for EPRI and Industry 

EPRI has begun work on a three-phase initiative to provide 
stakeholders with information and tools thot wii! be integral 
to the four areas of collaboration outlined above. 

•'> Phase i - A concept paper {this document) to align 
stakeholders on the main issues while outlining real 
examples to support open fact-based discussion. Input 
and review were provided by various stakeholders 
from the energy sector including utilities, regulatory 
agencies, equipment suppliers, nongovernmental 
orgonizations {NGOs) and other interested parties. 

^ Phase II -This six-month projectwill develop a framework 
for assessing the costs and benefits of the combinations 
of technology that leod to a more integrated grid. 
This includes recommended guidelines, analytical 
tools and procedures for demonstrating technologies 
and assessing their unique costs and benefits. Such 
a framework is required to ensure consistency in the 
comparison of options and to build a comprehensive 
set of data and information that will inform the Phase 
Hi demonstration program. Phase II output will also 
support policy and regulatory discussions that may 
enable Integrated Grid solutions. 

» Phase III - Conduct global demonstrations and 
modeling using the analytics and procedures 
developed in Phase II to provide comprehensive 
data and information that stakeholders will need for 
the system-wide implementation of integrated grid 
technologies in the most cost effective manner. 


Taten together. Phases II and 111 will help identify the 
technology cc^binotions that will lead to cost-effective and 
prudent investment to modernize the grid while supporting 
the technical basis for DER interconnection requirements. 
Addifionally, interface requirements Hiot help define the 
technical basis for the relationship between DER owners, 
DSOs, and transmission system operators (TSOs) or 
independent system operators (ISOs) will be developed. 
Finally, the information developed, aggregated, and 
analyzed in Phases il and Hi will help identify planning and 
operational requirements for DER in the power system while 
supporting Hie robust evaluation of the capacity and energy 
contribution from both central and distributed resources. 

The development of a consistent framework supported by 
data from o global technology demonstration and modeling 
program will support cost effective, prudent investments to 
modernize the grid ond the effective, large-scale integration 
of DER into the power s^tem. The development of a large 
collaborative of stakeholders will help the industry move in 
a consistent direction to achieve an integrated Grid, 
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Key Points - The Integrated Grid 

Several requirements ore recognized when defining an integrated grid. It must enhance electrical infrastructure, 
must be universoiiy applicable and should remain robust under a range erf foreseeable conditions. 


® Consumers and investors of all sizes are installing DER witfi tecrfinical and economic attributes that differ 
radically from the centra! energy resources that have fraditionally dominated rfie power system. 

='• So for, rapidly expanding deployments of DER are connected to tfie grid but not integrated into grid 
operations, which is a pottern that is unlikely to be sustainable. 

Electricity consumers and producers, even rfrose that rely heavily on distributed energy resources, derive 
significant value from their grid connection. Indeed, in neariy ail settings the full value of DER requires grid 
connection to provide reliability, virtual storage and access to up^eam markets. 

DER ond the grid ore not competitors but complements, provided that grid technologies and practices 
develop with the expansion of distributed en^'gy resources. 

We estimate tbof the cost of providing grid services for ojstomers wirfi distributed energy systems is about 
$5 I/month on overage in the typicol current configuration of tfre grid in the United States; in residential PV 
systems, for example, providing thot some service completely independent of the grid would be bur to eight 
times more expensive. 

* increased adoption of distributed resources requires interconnection rules, communications technologies and 
standards, advanced distribution and reliability technologies, integrotion wirfi grid planning, and enabling 
policy and regulation, 

« Experience in Germany provides a useful cose study regarding the potential consequences of adding 
extensive amounts of DER without appropriate collaboration, planning and strategic development. 

" While this report focuses on DER, a coherent strategy for building an integrated grid could address other 
challenges such os managing the intermittent ond variable supply of power from utility-scale wind and solar 
generators. 
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Today's Power System 

Today’s power system was designed to connect a reiatively resources account for a small percent of power production 

small number of large generation plants with a large number and consumption and have not yet fundamentally affected 

of consumers. The U.S. power system, for example, is that one-way flow of power, 

anchored by ~] ,000 gigawatts (GW) of centra! generation 

on one end, and on the other end consumers that generally Energy, measured in kiiowaff-hours (kWh), is delivered to 

do not produce or store energy [4] [5}. interconnecting consumers to meet electricity consumption of their lighting,, 

those is a backbone of high voltage transmission and a equipment, appliances and other devices, often called load, 
medium- and iow-voitage distribution system that reaches Capac/ty is the maximum capability to supply and deliver a 
each consumer. Electricity flows in one direction, from given levd of energy at or^y point in time. Supply capacily 

power plants to substations to consumers, as shown in comprises networks of generators designed to serve load 

Figure 1. Even with increasing penetration. U.S. distributed as it varies from minimum to maximum values over minutes, 



Figure 1 : Today's Power System Characterized by Central Generation of Electricity, Transmission, and Distribution to End-Use 
Consumers 
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hours, days, seasons, efc. Delivery capacity is determined 
by the design and operation of the power fransmission and 
distribution systems that deliver the electricity to consumers. 
The system's supply and delivery capacity pian is designed 
to serve the expected instantaneous maximum demand 
over a long-term planning horizon. 

Because the whole grid operates as a single system in 
real time and the leod times for building new rescwrces are 
long, planning is essential to ensuring the grid's adequacy. 
Resource adequocy planning determines the installed 
capacity required to meet expected load, with a prescribed 
reserve margin thot considers potential planned and 
unplanned unavailability of given generators, in addition to 
providing sufficient megawatts to meet peak demand, the 
avoilobie generation (along with other system rescMjrces) 
must provide specific operoting capabilities to ensure that 


the system operates securely at ail times. These ancillary 
services include frequency regulation, voltage support, 
and load foliowing/ramping. As a practical matter, the 
reliability of gnd sysl^s is highly sensitive to conditions of 
peak demand when ail of these systems must operate in 
tandem and when reserve margins are smallest. 

Today's power system has served society well, with 
average annual reliability of 99.97%, in terms of electricity 
availability [6], The National Academy of Engineering 
designated eiech-ification enabled by the grid as the top 
engineering achievement of the twentieth century. Reliable 
el^trificaHon hos been the backbone of innovation and 
growth modern economies, it has a central role in many 
technologies crxiskJered pivotal for the future, such as the 
internet and advanced communicaNons. 


Today’s power system has served society with 
average annual system reliability of 99.97% in 
the US., in terms of electricity availability. 
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The Growth In Deployment of Distributed Energy Resources 

The classic vision of eiec^ic- power grids ■ with ■ one- . rapid Sfxead of DER refiecfs o variefy of public and political 
way flow may now be changing. Consumers, energy.-. ■. pressures along with important changes in technology. This 
suppliers, and developers increasingly -are adopting DER-...-. - paper focuses'on system operation impacts as OER reaches 
to supplement or supplonf grid-provided ^ectricify. This is . brge scai^. 
particularly notable with respect to di^ributed PV power 

generation— for example, solar paneb on homes and. of /013, U.S. PV installations had grown to 

stores— which has increased from approximately 4 GW T . nearly 10 GW. Although ports of the U.S. hove higher 
of global installed copacify in 2003 to neorly 128 GW ; ; regional penetration of PV, this 10 GW represents less 
in 2013 [7], In Germony, the present capacity of solar. . ' 2% d total installed U.S. generotion capacity [9], 

generation is approximately 36 GW while rtie daily , . wTiich matches German PV penetration in 2003 (Figure 2j. 
system peak demand ranges from about 40 to 80 GW.. With PV growth projected to increase in scale and pace 
By the end of 2012, Germany's PV capacity was spread over next decade, now is the time to consider lessons 

ocross opproximofely 1.3 million residences, businesses . fro*^ Germany and other areas with high penetration of 
and industries, and exceeded the capacity of any other ,. distributed resources, 
single povrer generation technology in the counfry [8]. This 



Figure 2: U,S. PV Capacity as a Percentage of Tota/ Capacity Compared with Germany at the Beginning of Its “Energy 
Transformation“ 
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in most cases, grid-connected DER benefit from the eiecfrical 
^pporf, Re<ibility, arid reliability that the grid provides, 
but ^ley are -riot- integrated with the grid's operation. 
Gorisequeriliy the; full value of DER is not realized with 
respect to ' providing- wpport for grid reliability, voltage, 
frequency and reactive power. 


Distributed PV power generation has increased 
from approximately 4 GW of global installed 
capacity in 2003 to nearly 128 GW in 2013. 


The Infegrafed Giid . 



In addition to Germany, high penetration of distributed PV is 
evident in California, Arizona, and Howaii arid in countries • 
such as Italy, Spoin, japan and Australia [7];. Beyond PV, ' 
other distributed resources are expanding and- include such '■ 
diverse technologies os batteries for energy 'borage; gas- ■ 
fired micro-generators, and combined hedt- and • pon& 
(CHP) installations -- often referred to os cogeneration. 

In the United States nofural gas prices and. fhe cost and 
efficiency of gas-fired technologies have made ^rese' ■ 
options effectively competitive with retail electricity service ' 
in some regions, for some consumers [10]. in jurisdictions , 
where power prices are high, even mcxe costly DER such) • 
os solar PV can be competitive with grid-supplied power.. 
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Germany's Experience: More Distributed but Not Integrated 


The circumstances surrounding Gemiany's e<tensive 
depbyment of distributed solar PV and wind offers important 
lessons about the value of planning for integration DER, 
both economic and technical, Germany's experience is 
unique for these reasons: 

® Germany represents a large interconnected grid with 
extensive ties with other grids, which is similar to 
U-$. and other countries. 

® The penetration of DER over the past decade Is 
substantial i~68 GW of installed capacity of distributed ' 
PV and wind generation over 80 GW of peak load}. 
The observed results, in terms of reliability, quality, 
and affordability of electricity, are not based on a 
hypothetical case or on modeling and simulations. 

® This growth in penetration of DER occurred without 
considering the integration of these resources with the . 
existing power system, 

• Germany has learned from this experience, and the 
plan for continuing to increase the deployment of solar 
PV and wind generation hinges on many of rtie same 
integrated grid ideas as outlined in this paper. 

German depbyment was driven by policies for renewable 
generation that have commanded widespreod political 
support. PV and wind generation are backed by the 
German Renewable Energy Sources Act (EEG), which 
stipulates feed'in tariffs^ (FIT) for solar power installations. 
This incentive, which began in 2000 at €0.50/kWh 
($0.70/kWh) for a period of 20 years, hos stimulated 


major depbyment of distributed renewable generation. 

In the meantime, electricity rates have increased in Germany, 
forvarkxjs reasons, to an average residential rate in 2012 of 
e0.30/kV% {$0.40AWh), more than doubling residential 
rates since 2000 [8], These higher electricity rates and 
lower costs for DER, due to technology advancements and 
production volume, have turned the tables in Germany. 
Today large FIT incentives are no longer needed, or 
offered, to promote new renewable installations.^ 

Notably, the desire to simultaneously contain rising electricity 
rates while promoting depbyment of renewable energy 
resources has led to an evolution in German incentive policy 
for distributed renewable generation. For residential PV the 
FIT has dropped from ~ €0,50/kWb in 2000 to - €0,18/ 
kWh today. An electricity price greater than the FIT has 
resulted in a trend of self-consumption of local generation. 
To ensure that all customers are paying for the subsidy for 
PV, the German cabinet injanuory, 2014 approved a new 
charge on self-consumed solar power. Those using their 
own solar generated electricity wilt be required to pay a 
€0.044kWh ($0.060/kWh) charge. Spain is considering 
similar rate structures to ensure ail customers equitably share 
the cost. Still to be resolved is how grid operating and 
infrastructure costs will be recovered from all customers who 
utilize the grid with increasing customer self-generation. 

Technical repercussions have resulted from DER's much 
iorger share of the power system. Loss of flexibility in the 


^ Feed-in tariffs are a long-term guaranteed incentive to resource owners based on energy production fin kWhj, which is separately metered from the 
customer's load. 

^ PV mstallations commissioned in July 2013, receive €0. 104 lo€0. ISl/kWh ($0. 144 to $0.208/kWhl fora period of 20 years. 
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generafion fleet prompted the operation of cool plants on a 
''reiiability-must-run" bosis. Distributed PV was deployed with 
little time to plan for effective integration. Until the lost few 
years and the advent of grid codes, PV generators were not 
required to respond to grid operating requirements or to be 
equipped to provide grid support functions, such as reactive 
power management or frequency control. Resources were 
located without attention to the grid's design and power 
flow limitotions. The lack of coordination in planning and 
deploying DER increases the cost of infrastructure upgrades 
for all customers and dees not provide the full value of DER 
to power system operofion. Rapid deployments have led to 
several technical challenges: 

1. local over-'volfage or loodir>g issues on disfribution 
feeders. Most PV installations in Germany i-SOX) 
are connected to tow-volfago circuits, where it is not 
uncommon for the PV capacity to exceed the peak load 
by 3-4 times on feeders not designed to accommodate 
PV. This can create voltage control problems and 
potential overloading of circuit components [11], 


2 . Risk of moss disconnection of anticipated PV generotion 
in rtie event of a frequency variation, stemming from 
improper interconnection rules. This could result in 
system instability and load-shedding events [121. The 
same risk also exists from both a physical or cyber 
security attack. 

3 . Resource variability ond uncertainty have disrupted 
normal sy^em planning, causing a notable increase 
in generation re-dispatch' * events in 201 1 and 2012 
[13]. 

4 . lack of the stabilizing inertia from large rotating 
machines rtiat are typical of central power stations^ ftos 
raised general concern for maintaining the regulated 
frequency and voltage expected from consumers, as 
inverter4x3sed generation does not provide the same 
inertial quolities [14], 


^ Dislnbuisd PV in Csrmony was ifi.siottec/ wil/s invsrlers ihal are designed AO disconnect the generalion horn the ciicuii in ibe event o/ frequency 
vernations that exceed 50. 2 in their 50 Hz system. Retrofits necessary lo mitigate this issue are ongoing, aird estimated to cost approximately 
$300 million [121. 

Germarr transmission system operator Tennoit expetiencted a significant increase In generation fe<iispolch events in 201 1 and 20 1 2 relative to 
previous years. Generation scheduling changes ore requited la olkvioie power (low conditions on the grid or resource issues that arise on short 
rtohee rather than in the schedule hr the day. 

* Wb'/e the primary driver lo 'edispolch issues has been a reduced utilization of large nudear generators, the increase in wind generation and PV in 
Germany is expected to continue changmg power Haw pcifems. 

^ Many distributed energy resources connect to the grid using inverters, rather than the traditional synchronous generators. Increasing the relative 
amourit of distributed and bulk system inveriei^hased gemerolion that displaces cor^ventiona! generation will negatively impact system frequency 
performance, voltage control and dynamic behavior, if the new resources do not provide compensation of the .sys.’em voltage and hoquency support. 
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Smart inverters capobie of responding to local conditions or 
requests from the system operator can help avoid distribution 
voltage issues and mass disconnection risk of DER. This'' 
type of inverter was not required by previous standards in.. 
Germany, although interconnection' rules are changing to. 
require deployment of smart inverters, (see highlight box for 
further information) 

The rate impacts and technical repercussions observ^ in" 
Germany provide a useful case study of the high risks and 


unintended consequences resulting from driving too quickly 
to greater DER expansion without the required collaboration, 
planning,. and'strategies set forth in the Action Plan. The 
actions in Phases I! and III should be undertaken as soon 
as it is feasible to- ensure that systems in the United States 
and internationally are not subjected to similar unintended 
consequences that may negatively impact affordability, 
environmental sustainability, power quality, reliability and 
resiliency in the electric power sector. 


Smart Inverters and Controls 

With the current design emphasis on distribution feeders supporting one-way power flow, the introduction of 
two-way power flow from distributed resources could, adversely impact the distribution system. One concern is 
over-voltage, due to electrical characteristics of the grid near a distributed generator. This could limit generation bn 
0 distribution circuit, often referred to as hosting capacity. Advanced inverters, capobie of responding to voltage 
issues as they arise, can increase hosting capacity with significantly reduced infrastructure costs [15], [16]. 
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Gemton Grid Codes 

In Germony, grid support requirements are being'updated so'ihaf distributed resources can be more effectively integrated with grid 
operation []7], []8], These requirements,'caiied:gr/d.cocJes,,are developed in tandem with Europ^ri- interconnection requirements 
recommended by the European Network erf Transmission Sy^em Operators fENTSO-E) [19], [20]; 

1. Frequency control is required of all generakxs, regardless of si^. in^ead of disconnecting when the frequency reaches 50.2 
Hz, generator controls will be required to gradually reduce rfte generators' active powrer ou^t in proportion to the iVeqi 
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Figure 3: Example of Improved Performance with Inverter Controls That Implement a Droop Function for Over-Frequency 
Conditions RatherThan Tripping. 

2. Voltage control functions are required from inverters, depending on the requirements of the DSO. Control methods include fixed 
powerrfoctor operotion, variable power factor as a function of oefive power, or reactive power monagement to provide voltage 

. control, ■ 

3. Communication and energy monagement functions are now required of distributed resources, receiving commands from the 
system operotor for active and reactive power management; As of 2012, this capability is required (or all installations greater 
than 30 kVA. Systems less than 30 kVA without this copobiiity are limited to 70% of rated output. 

Germany is requiring that all existing inverters with a capacity greater than-3.68 kVA be retrofitted to include the droop function . 
rather than instantly tripping with over-frequency; The cost of the retrofit associated with this function is estimated to be $300 million, 

While necessary, these steps ore probably still, not enough to allow hjll integrotiori of DER into the grid. Significant investment in: 
the grid itself will be needed, including development of demand response resources [for example, electric tronsportation charging 
stations with time of use tariffs), and votious energy storage systems. Also needed ore markets and tdriffs that value capacity and 
repbeemenf of fossil-fueled heating plants with electric heating to iaire advantage of excess FV and wind capocify. Gertnon energy , 
ogency DENA determined that German distribution gridsWii! require investment of 6275 billion to €42.5 billion ($38,0 billion to 
$58,7 billion) by 2030, This includes expanding distribution circuits between 135,000 km and 193,000 km [21], Extensive research 
is under woy to develop and evaluate technologies to improve grid flexibility and efficiency with even more renewable capacity, , 
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Assessing fhe Cosf and Value of Orid Services 


An electric grid connection, in ways different from a 
telephone line, provides unique and valuable services. 
Thirty percent of landiine telephone consumers have 
canceled this service, relying solely on cellular service [22]. 
In contrast, virtually all consumers that install distributed 
generation remain connected to the grid. The difference 
is that the cellular telephone nehwork provides functionality 
approximately equal to londtine service, while a consumer 
with distributed generotion will still need the grid to retain 
the same level of service. Unlike a cellphone user, op-eraiing 
without interconnection to this grid will require significant 
investment for on-site control, storoge. and redundant 
generation capabilities. 

This section characterizes the value of grid service to 
consumers with DER, along with colcubtions illustrating costs 
and benefits of grid connection. Subsequent sections focus 
on the value that DER can provide to the grid, in the context 
of value if is important to distinguish the difference between 
value and cost. Value reflects the investments that provide 
services to consumers. It guides planning and investment 
decisions so that benefits equal or exceed costs. The costs 
that result ore recovered through rates that in a regulated 
environment are set to recover costs, not to capture the full 
value delivered, 


Value of Grid Service: Five Primary 

Benefits 

Often, the full value of a grid connection is not fully 
understood. Grid-provided energy (kVVhj offers clearly 
recognized value, but grid connectivity serves roles that are 
important beyond providing energy. Absent redundancy 
provided by the grid connection, the reliability and 
capobility of the consumers power sy,stem is diminished. 
Grid capacity provides needed power for overbad 
capacity, may absorb energy during over-generotion and 
supports stable voltage and frequency. The primary benefits 
of grid connectivity to consumef.s with distributed generation 
are shown in Figure 4 and are described below. 



Figure 4: Primary Benefits of Grid Connectivity to Consumers 
with Distributed Generation 
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1. Reliability ~ The grid serves as a reltabb source of 
high-quolity power in the event of disruplkms to DER. 
This includes compensating for the variaWe ou^ut 
of PV and wind generation. In the case of PV, the 
variability is not only diurnal but as shown in Figure; 
5, overcast conditions or fost-moving clouds can cause 
fluctuation of PV-produced electricity. The grid serves 
as a crucial bolandng resource ovoilabie for whafev^ 
period— from seconds to hours to days and seasons— 
to offset variable and uncertain output from di^ibuted 
resources. Through instantaneously balancing ^pply 
and demand, the grid provides electricity at a consistent 
frequency. This balancing extends beyond real power, 
as the grid also ensures that the amcxint erf reactis^ 
power in the system balances load requirements and 
ensures proper system operotion.® 


Tbe need for reliobilify is fundamental to ol! DER, not 
just variaUe arrd intermittent renewable sources. For 
example, a customer depending solely on a gas- 
fired generator, which has an estimated reliability of 
97%, is project^ to experience 260 hours of power 
outage, [23}. compared with the 140 minutes of 
. povs^r outage that U.S. grid consumers experience on 
. average (exduding major events such as hurricanes) 
[6]. Improvem^fe in reliability are generally achieved 
rfirough redundancy. With the grid, redundant capacity 
can be pooled among multiple consumers, rather than 
each customer having to provide its own backup 
resources. This reduces the overall cost of reliability for 
each customer [23]. 



® Consumer loads typically require two different kinds of power, both teal and redefive. Real power is a hincHon of the load's energy consumption, 
and is used to accomplish various tasks. Reactive power is tronsferred to the had during pari of tf>e cycle, and relumed during the other part, 
doing no work. Balancing both real and reactive power 'flow is o necessary hmetion of a telioUe eketne grid. 
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2. Startup Power - The grid provides instantaneous power 
for appliances and devices sudi as compressors, air 
conditioners, transformers and welders ^ot require o 
strong flow of current ("in-rush" current) when starting 
up. This enables tftem to start reliably without severe 
voltage fluctuation. Without grid connectivity or other 
supporting technologies®, a conventional centra! air 
conditioning compressor rdying only on a PV system 
may not sfort at all unless the PV s^tem is oversized 
to handle the in-rush current. A systems ability to 
provide this current is directly proportional to the fault, 
contribution leveh'T Even if a reciprocating engine 
distributed generator is used as support, its fault level 
is generally five limes less than the grid's [23]. The 
sustained fault current from inverter-based disWbuted 


resources is limited to the inverter's maximum current 
and is an order of magnitude lower than the fouit level 

of the grid. 

Figure 6 illustrates the instantaneous power required 
to start a residential air conditioner. The peok current 
measured during this interval is six to eight times the 
standard operating current [24]. While the customer's 
PV array could satisfy the real power requirements of 
the heating, ventilating and air conditioning (HVAC) 
unit during normal operation, the customer's grid 
connection supplies the majority of the required starting 
power. 



Figure 6: The Grid Provides In-Rush Current Support for Starting Large Motors Which May Be Difficult to Replicate with a 
Distributed Generator 


Supporting technologies include variobie-ltequericy drive (VfDj sysiems, which are ob/e to storl motors wilhoul t/ie in-ivsh current common in 
“ocrass-lhe-line“ starting [24], 

“Fault level" is a measure ol the currertt that would flow at a hcolion in the event of short ciraiH. Typically used as a measure of electrical strength, 
locations with a high hull level are typically charac^ri;^ by improved vcJtage reguhtion, in-rush current support, and reduced harmonic impact. 
Locations with a low fault level ate more susceptible to voltage distortion and transients induced by harmonic-producing loads. 
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dieiedric strength ond redudng the life of equipment, 
sudi as appliances,'^ motors, or air conditioners [25]. 
Harmonics also confribute to losses that reduce system 
efficiency. In addition, a disturbance occurring inside 
the unconnected system will create larger deviations in 
frequency than if the system maintained its connection 
to the brger grid. 


3. Voltage Quality - The grid's high fault current level 

also results in higher quality ventage by limiting 
hormonic distortion" and regulating frequency in a 
very fight band, which is required for the operafion- 
of sensitive equipment. Similarly, the inherent inertia 
of a lorge, connected system minimizes the impact d' 
disturbonces, such as the loss of a lorge generators or" 
transmission lines, on the system frequency. As shown- 
in Figure 7, grid-connected consumers bn average' 
will experience voltage that closely approximates a 
sinusoidal waveform with very little harmonic distorfen. 

In contrast, voltage from a distributed system that 
is not connected to the grid will generoiiy have a 
higher voltage hormonic distortion, whidi can result 
in malfunction of sensitive consumer end-use devices. 
Harmonics cause heating in many components, affecting 


4. EfficiefKy - Grid connectivity enables rotating-engine- 
based generators to operate at optimum efficiertcy. 
Rotating-engine-based distributed resources, such as 
microTurbines or CHP systems are most efficient when 
operating steadily near full output [26]. This type of 
efficiency curve is co-mmon for any rotating machine, 
just as automobiles achieve the best gasoline mileage 
when running at a steady, opfimo! speed. With grid 



Figure 7: The Grid Delivers High Quality Power with Minimal Harmonic Distortion 


' ' Hcirrrioriicis oro voltages or currents that are on the grid, but do not oscillate with the mo/rt system frequency l60Hz in the United Statesj. The 
rnognitvde of the harmonics, when compared to the magniivde of ffte 60Hz co.mponenf, is t^erred fo Oi fths harmonic disioriion . 

Technological improvements ore available, such os uninterruptible power supplies (UPSI that reduce the sensitivity of loads to poor power qwlity, 
but at on additional cost. 
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connectivity, a distributed energy resource can 
always run at its optimum level wi^CMjt having to 
adjust its output based on local load variation. 
Without grid connectivity, the output of a disfributed 
energy resource will have to be deigned to 
match the inherent variation of bad demand. This 
fluctuating output could reduce system efficiency as , 
much as 10%”20% [26]. 

5. Energy Transaction - Perhaps the most important 
value that grid connectivity provides cor^sumers, 
especially those with distributed generation, is the 
ability to install any size DER that can be connected , 
to the grid. A utility connection enables consumers 
to transact energy with the utility grid, getting energy 
when the customer needs it and sending energy: 
back to the grid when the customer is producing 


more than is needed. This benefit, in effect, shifts 
rides wirti respect to he size of the energy resource 
from he individual user to the party responsible for 
the resCRjrces and operation of the grid. Simulated 
sy^m results for such transactions are provided in 
Figure 8. 



Figure 8: Becouse Residerjtial Load and PV System Output Do Not Match, Owners of Distributed Generation Need the Grid for 
Purchasing or Selling Energy Most of the Time 
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Cost of Grid Service: Energy and 
Capacity Costs 

For residential customers, the cost for generation and 
transmission and distribution components can be broken 
down as cost related to serve the customer wirfi energy 
(kWh) and cost reloted to serve the customer with capacity 
that delivers the energy and grid-related s^vices. The five 
main benefits of grid connectivity discussed in the previous 
section span both capacity and energy services. Figure 
9 shows that, based on the U.S. Deportment of Energy's 
/Annuo/ Energy Outlook 2012, on average customer 
consumes 982 kWh per month, paying an average bill 
of $110 per month, with the overage cost of $70 for 
generation of electricity. That leaves $30 for the disfribuHon 
system and $10 for the transmission system [27] - known 
together as "T&D”. These are averoge volues, and costs 
vary omong and within utilities ond ocross different types of 
customers, {See Appendix A for explanation of calculations 
in this section.) 


The next step in the analysis is to allocate these costs 
(generation and T&D) into fractions that are relevant for 
analyzing how the grid works with DER. In this analysis 
we focus on capacity and grid-related services because 
they are what enable rcAwst service even for customers with 
DER. indeed, consumers wirin distributed generation may 
ncrf consume any net energy (kWh) from the grid yet they 
benefit from the same grid services os consumers without 
distributed generation. 



Transmission 
;||||P Distribution 
Generation 


Avc-rogc Residenttul U^uge 982 IcWh/month 
Average Residertttcl Biit Si 10/month 


Figure 9: Cost o/ Service Breakdown hr Today's Grid-Connected Residential Customer 127] 
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Colcubting the total cost of capacity follows analysis 
summarized in Figure 10. These values are based on tfie 
assumption that most costs associated vsath T&D ore rdat^ 
to capacity (except for a small fraction representing system 
losses - estimated to be $3 per month per customer from 
recent studies in Californiai [28), WoHcing with rec^f data 
from PJM [29] regarding the cost of energy capacity, and 
ancillary services it is possible to estimate that 80% of tfie 
cost of generation is energy related, leaving the rest for 
capacity and grid services. This 80-20 split will depend on 
the market and in the cose of a verHcoliy integrated utility 
will depend on the chorocterisfics of be generation assets 
and load profile, but it is a ijseful average figure with which 
some illustrative colculations (ollow. 


As illustrated, be combination of transmission, distribution 
and be porHon of generation that provides grid support 
averages $51/monb while energy costs average $59/ 
monb. These costs vary widely across the United States 
and omong consumers, and also will vary with changes in 
g^>eration profile and the deployment of new technologies 
such os energy storage, demand response-supplied 
capacity, and cenfrol generation. The values ore shown 
to illustrate bot capacity and energy are both important 
dements of cost and should be recovered from all customers 
who use capacity and energy resources. Customers 
wib distebuted generation may offset the energy cost by 
producing beir own energy, but as illustrated in previous 
sections bey still uSiize the non-energy services that grid 
connectivity provides. 



Figure 10: In Considering the Value of the Integrated Grid, Costs of Generation, Transmission, and Distribution Can Be Further 
Determined for Energy and Capacity 
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Cost of Service Without Grid Connectivity 

Technologies ore ovoiloble that enable consumers to self- 
generate and disconnect from the grid. To estimate the. 
capacity-related cost for such investments, a simplified 
analysis examined a residential PV system. The analysis 
was based on estimating the additional costs providing 
the five services that grids offer— as outlined earlier in friis 
section. For illustration, consider a residential PV system fhot 
is completely disconnected from the grid, amortized over 
20 years and presented as a monthly cost. Reinforcir^ the 
system for an off-grid application required the Wiowir^ 
upgrades: 

® Additional PV modules beyond the requirements for 
offsetting annuol energy consumption in order to survive 
periods of poor weather; 

® Multi-day battery storage with dedicated inverter 
capable of operating in on off-grid capacity; 

* Backup generator on the premises designed to operate 
for 100 hours per year; and 

* Additional operating costs including in\^fter 
replacement and generator maintenance. 


in Emulation, Aie cost to recreate grid-ievei service without a 
grid conr^ection ranges fr<xn $275'-$430 per mon^ above 
of ^e origina! array. Expected decreases in the cost 
of battery and PV module technology could reduce this 
to $165-$262 within a decade. Further information on 
tfiis analysis is provided in Appendix A. Costs for systems 
based on crfher techndogies, or larger deployments such 
as campHjs-scale miCTogrids, could be relatively lower, 
based on econcxnies cT scale. However, even if omortized 
capital costs are comparable to grid services, such isdoted 
grids will re^lt in deteriorating standards of reliability ond 
quality of elecfridfy service and could require extensive use 
d" backup g^Terators whose emissions negatively impact 
loco! air quality. 


Such isolated grids will result in deteriorating 
standards of reliability and quality of 
electricity service and could require extensive 
use of backup generators whose emissions 
negatively impact local air quality. 
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Enabling Policy and Regulation 

A policy and regulatory framework will be needed to 
encourage the effective, efficient, and equitaWe allocaHon 
and recovery of costs incurred to transform to an integrated 
grid. New market fromeworks will have to evolve in assessing 
potential contributions of distributed and cental resources 
to system capacity and energy costs. Such innowtions 
will need to be anchored in principles of equitable co^ 
allocation, cost-effective and socially beneficial irwestaient, 
and service that provides universal occess and avoidance 
of bypass. 

As discussed, the cost of supply and delivery capacity can 
account for almost 50% of the overall cost of electricity for 
an average residential customer. Traditionally, residential 
rate structures are based on metered energy usage. Witfi no 
separate charge for capacity costs, the energy charge has 
tradifionolly been set to recover both costs. This mixing of 
fixed and variable cost recovery is feasible when electricity 
is generated from central stations, delivered through a 
conventional T&D system, and with an electromechanical 
meter that measures energy use only by a single entity [30] 

[31]. 


AAost resid^tiai (and some commercial) rote designs follow 
tfiis philosophy, but the philosophy has not been crisply 
articulated nor reliably implemented for DER. Consequently, 
consumers that use distributed resources to reduce their 
grid-provided energy consumption significantly, but remain 
connected to the grid, may pay significantly less thon the 
co^ incurred by the utility to provide capacity and grid 
connectivity. In effect, the burden of paying for that capacity 
can potentially shift to consumers without DER [32]. 

A logical extension of the analysis provided here, as well 
as many other studies that look at DER under different 
circumstances, is that os DER deploy more widely, policy 
makers will need to look closely at clearly separating how 
customers pay for actual energy and how they pay for 
capacity and related grid services. 


A policy and regulatory framework will be 
needed to encourage the ejfective, ejficienty and 
equitable allocation and recovery of costs incurred 
to transform to an integrated grid. 
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Recsiizifig fhe ¥olye of DIR through Infegration 


The analysis of capacily rebted costs (including cost of 
ancillary services) in the previous sections is based on 
today’s snapshot of the components fhot moke up the grid 
ond oiso based on minimum contribution from DER to reduce 
the capacity cost. With increasing penetration of variable 
generation (distributed and central} it is expected that 
capacity- and ancillary service-related costs will become 
an increasing portion of the overall cost of electricity [33j. 

However, with an integrated grid there is an opportunity 
for DER to contribute to capaci^/ and ancillary services 
that will be needed to operate the grid. The following 
considerations will affect whether and how DER contribute 
to system capacity needs: 

« Delivery Capacity •- The extent to which DER reduce 
system delivery capacity depends on the expected 
output durirtg peak badittg of the local distribution 
feeder, which typically varies from the aggregate system 
peak, If feeder peak demand occurs after sunset, as is 
the case with many residential feeders, local PV output 
can do nothing to reduce feeder capacity requirements. 
However, when coupled with energy storage resources 
dedicated to smoothing the intermittent nature of the 
resources, such resources could significantly reduce 


capacity need. Similarly, a smart inverter, integroted 
with a distribution management system moy be able to 
provide distributed reoctis^ power services to maintain 
voltage qualify. 

&jppiy Capacity - The extent to which DER reduce 
system supply copocity depends on the output 
expected during high-risk periods when the margin 
beKveen available supply from other resources and 
system demand is relatively small. It local PV production 
reduces high system foods during summer months but 
drops significantly in late evening prior to the system 
peak, it may do little to reduce system capacity 
requirements. Conversely, even if PV production drops 
prior to evening system peaks, it may still reduce supply 
capacity requirements if it contributes significantly 
during other high-risk periods such as shoulder months 
when large blocks of conventional generation ore 
unavailoble due to mointenance. Determining the 
contribution of DER to system supply capacity requires 
detailed analysis of loco! energy resources relative to 
system lood ond conventionol generation availability 
across all periods of the year and all yeors of the 
planning horizon. 


With an integrated grid there is an 
opportunity for DER to contribute to 
capacity and ancillary services. 


r 
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System Flexibility - As distributed, variable generation 
is connected to the grid it may also impact the nature 
of the system supply capacity required. Capacity 
requirements are defined by he character of riie 
demand they serve. Distributed resources such as PV 
alter electricity demand, changing rfie distributed load 
profile. PV is subject to a predictable diurnal pattern 
that reduces the net load to be served by Hie remaining 
system. At high levels, PV can alter the net load shape, 
creating additional periods when central generation 
must "ramp" up and down to serve load. Examples are 
early in the day when the sun rises and PV production 
increases and later, as the sun sets, when PV output 
drops, increasing net bad. The net load shape also 
becomes characterized by obrupt changes during the 
day, as when cloud conditions change significant. 
Integration of DER Deployment in Grid Planning - 
Adequacy of delivery and supply capacity are ensured 
through detailed system planning studies to understand 
system needs for meeting projected loads. In order for 
DER to contribute to meeting those capacity needs in 
the future, DER deployment must be included in the 
associated planning models. Also, becouse DER are 
located in the distribution system, certain aspects of 
distribution, transmission, and system reliability planning 
have to be more integrated. {Read more in the section. 
Importance of Integrated Transmission and Distribution 
Planning and Operation hr DER.) 


• DER Availability and Sustainability over Planning 

Horizon - For either delivery or supply capacity, the 
extent to which DER can be relied upon to provide 
capacity service and reduce the need for new T&D and 
central generation infrastructure depends on planners' 
confidence that the resource will be ovoibble when 
needed across the planning horizon. To the extent that 
DER may be compensated for providing capacity and 
be unable or unwilling to perform when called upon, 
penalties may apply for non-performance. 

In addition to altering the system daily bad curve, wind and 
solar generation's unscheduled, variable output will require 
more flexible generation dispatch. For example, lower cost 
and generally large and less operationally flexible plants 
today typically carry bad during the day. These resources 
may have to be augmented by smaller and more flexible 
assets to manage variability; however, this flexibility to 
handle fast ramping conditions comes with a cost, [34] 
[35] The potential for utilizing demand response or storoge 
should not be overlooked, as rapid activation (on the order 
of seconds or minutes) could provide additional tools for 
system operators. Improving generator scheduling and 
consolidating balancing areas could improve access and 
utilization of ramping resources, preventing the unnecessary 
addition of less-efficient peaking units [36], 


In addition to altering the system daily 
load curve, wind and solar generation! s 
unscheduled, variable output will require 
more flexibile generation dispatch. 
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Figure II illustrates the importance of understariding the 
system to determine the value of DER. The grap^ show« 
^e German power system's bad profile and the substantia! 
impact of PV power generation at higher penetration [37]. 
in this case, the PV resource's peak production does not 
coincide with the system peak, and therefore does not 
contribute to an overall reduction in system peak. From the 
single averoge plots in Figure 11 it is unclear to what extent 
PV might contribute to system capacity needs during critical 
supply hours outside of obsolufe system peak. During system 
peak, which for Germany is winter nights, the ~36 GW 
of installed PV does not contribute to reducing rtiat peak. 
This is based on the requirements of "reliably ovailable 
capacity" [38] which is defined as the percentage erf 
installed capacity that is 99% likely to be a\«3iiabl6. 


The ~33 GW of wind is also credited to a minor extent 
towards meefing the winter peak demand. Hydro power 
provides the bulk of the 12 GW of renewable resource that 
is centered as reliable available capacity to meet the 80 
GW of venter peak bad. However in the United States, 
where the PV peak coincides more with the system peok 
(d^ending txt the facility's orientation, shading, and other 
factors), the results could be different. In general, however, 
PV without borage to ochieve coincidence with system 
peak will be rebtiveiy ineffective in reducing capacity costs 
due to its wriobb, intermittent nature, 



Figure J 1: Peok Load Reduction and Ramp Rate Impacts Resulting from High Penetration ofPV[39] 
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Importance of Integrated Transmission 
and Distribution Planning and Operation 
for DER 

To realize their full value while ensuring power quality 
and reliability for all customers, DER must be included 
in distribution planning and operation, just os cenh-al 
generation resources are included in fronsmission planning 
and operation. As DER penetration increases and 
becomes concentrated in specific areas, their impact can 
extend beyond the distribution feeders to which they are 
interconnected, potentially affecting the sub-transmission 
and transmission systems. The oggregated impact of DER 
must be visible and confroiioble by transmission operators 
and must be included in transmission planning to ensure 
that the transmission system con be operated ratability 
and efficiently. Additionally, the T&D system operators 
must coordinate to expose DER owners to reliability needs 
and associated price signals. This will require significantly 
expanded coordination among transmission and distribution 
system planners and operotors, as well as the development 
and implementation of new analysis tools, visualizoHon 
capabilities, and communicotions and control methods. 

integrated transmission and distribution planning methods 
that include DER are not yet formalized, even in regions 
with high DER penetration levels such as Germany, 


Arizona, California, and Hawaii. Without a framework for 
integration into both transmission and distribution system 
operations, the cost of integration will increase significantly 
and Hie potential value of DER will not be fully realized. 
For example, DER installations in sub-optimal locations, 
sucdi as Hie end of long feeders, may require significant 
feeder upgrades to avoid impocts to voltage quality. When 
strategically located, however, DER may require little or no 
upgrade of the feeder while delivering multiple benefits. 

Examples of IntegraHon of DER in Distribution 
Planning and Operations 

The Hawaiian Electric Company (HECOj system on the 
island Oahu had more than 150 MW of installed 
distributed PV in mid-2013. At this level of penetration, 
HECO hos found it necessary to develop PV fleet 
forecasting methods, which it uses to provide operators with 
geographic information on expected PV output and potential 
impact on local feeder operations, as well os aggregate 
impact on system balancing and frequency performance. 
Additionally, HECO has developed detailed distribution 
feeder models thof incorporate existing and expected future 
PV deployments for considering PV in planning. Although 
still in development, HECO is taking these steps to ensure 
reliability by integrating distributed PV into their operational 
and planning processes. 


To realize their full value while ensuring power 
quality and reliability for all customers, DER 
must be included in distribution planning and 
operation, just as central generation resources are 
included in transmission planning and operation. 
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Realizing the importance of ptannifig in DER procurement 
and operation, regulatory commissions in some cases have 
decided that distributed resource needs are best served by 
utility ownership or of leost utility procurement of required 
distributed resources [40], [41], Compeiifive procurement 
often reduces the asset cost while proper planning reduces 
integration costs and often maximizes the opportunity for 
capitalizing on multiple potential DER value streams. .A 
recent ruling from the California Public Utilities Commission 
(CPUC) highlighted this consideration by requiring utilities 
to procure energy storage, ensuring that these resources 
are sufficiently planned in the context of the disWbution grid 
[42], 


Presently, most DER installations are "invisible" to T&D 
operators. The tack of coordinafion among DER owners, 
disfribufion operators, and transmission operators makes 
system operations more difficult, even as system operators 
remain responsible for rtie reliability and quality of 
electric service for ail consumers. Likewise, utilities mi.ss an 
opportunity to use DER, with the proper attributes, to support 
the grid. The expected services rendered from distributed 
borage in California are provided in Table 1. However, an 
integrated grid is required to enable many of these services, 
making integration beneficial to the entire system, not only 
to customers who own DER. 


Category 

Storage "End-Use" 

Describes the point of use 
in the volue chain 

Describes the use or application of storage 



"'E " ' 

Transmission opeiaiiort (shorKJurctkyi performance, me to system " 

2 r? 



Customer 

Outage mitigation: micro-grid 

Time-of-use (TOU) energy cost management 

Power quality 

Back-up power 


Table 1: Expected T&D and Customer Services from Distributed Storage in California f^3] 


* 
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Realize the Benefits of Distributed Energy 
Resources 

An Integrated Grid that enables a higher penefration of DER 
offers benefits to operators, customers and society. These 
examples illustrate the diverse nature of these benefits: 

» Provide distribution voltage support and ride-through 

- DER can provide distribution grid voltage and system 
disturbance performance by riding through system 
voltage and frequency disturbances to ensure reliability 
of the overall system, provided Hiere are ^fective 
interconnection rules, smort inverters, or smart interface 
systems. 

* Optimize distribution operations - This can be 
achieved through the coordinated control of distributed 
resources, and using advanced inverters to enhance 
voltage control and to balance the rotio of real and 
reactive power needed to reduce losses and improve 
system stability. 

» Participate in demand response programs - Combining 
communication and control expands customer 
opportunities to alter energy use based on pre\ailing 
system conditions and supply costs. Specifically 
with respect to ancillary services, connectivity ond 
dish-ibution management systems facilitate consumer 
participation in demand response programs such as 
dynamic pricing, interruptible tariffs, and direct load 
control. 


• Improve voltage quality and reduced system losses - 
Included in this are improved voltage regulation overall 
and a flatter voltage profile, while reducing losses. 

• Reduce environmental impact - Renewable distributed 
generation can reduce power system emissions, and 
an inl^rated approach can avoid additional emissions 
by reducing the need for emissions-producing backup 
generation. Also contributing will be the aggregation 
of low-emissions distributed resources such as energy 
storage, combined heat and power, and demand 
response. 

• Defer capacity upgrades - With proper planning 
and targeted deployment, the installation of DER may 
defer flie need for capacity upgrades for generation, 
transmission and/or distribution systems. 

• Improve power system resiliency - Within an integrated 
grid, distributed generation can improve the power 
system's resiliency, supporting portions of the distribution 
system during outages or enobiing consumers to sustain 
building services, at least in part. Key to doing this 
safely and effectively is the seamless integration of the 
existing grid and DER. 
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Figure 12 illustrates a concept of an integrated grid with 
DER in residences, campuses, ond commerdai- buildings. 
neKA.rarked as a distributed energy network and desaibed 
in a recent EPRl report [44], 


Customers 


ntegrate 


Figure 12: Crating an 'Architecture wifh Multi-Level Controller (A4] 
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Grid Modernisations Imperative for the Integroted Grid 

Grid modernization of the distribution sy^em will include to interact with the DER-Owner's system to help maintain 

re-corducforing, and augmenting its infrastructure alof>g relioble system operation, 

with deploying smort technologies such as distribution 

management systems (DMS), communicotion, sensors, ^ comprehensive understanding of each approach is 

and energy storoge is a key component of moving to beyond the scope of this paper but is an important element 

the Integrated Grid. It is anticipated #iat this combination d EPRIs proposed work. Assuming that any grid investment 

of infrastructure reinbrcemenf and smart technology wil! be paid for by customers it is important to determine if, 

deployment can yield the lowest-cost solution for a given and under what situations, such investments moy prove cost- 

penetration level of DER in a feeder. effective and m the pubhc interest. 

Table 2 shows a menu of technology options for the coordinated demonstration of each option outlined in 

distribution system operator side, the consumer side and the Table 2 across different types of distribution system feeders 
integration of the two (45], [46] that will ertable a distribution f*®lp provide o knowledge repository that stakeholders 

feeder to reliobly integrate greater DER penetration. The can use to determine the prudence of the various investments 

solutions., which hove been outlined and evaluated by needed to achieve on integroted grid. Such demonstrations 

others in the industry, ore organized as follows; also can provide information essential for oil sfokeholders 

regarding rules of engogement among OER owners, DSOs, 
* sSystem Operator .solutions are those actions that TSOs, and ISOs, 
the DSO could take to bolster the performance and 

reliability of the system where DER deployment is Nooneenfityhasfheresourcestoconductthedemonstrotions 
growing, and the ossocioled engineering analysis to document 

O' DER-Owner sdufions ore those thot could be employed costs, benefits, and performance of all technology options 

at the customer end of the system through installation of across all types of distribution feeders, EPRI proposes 

technology or operational response measures. tising its colloborafive opproach globally to develop o 

^ Interactive solutions ore those thoi require close comprehensive repository of data and information that can 

coordination between the System Operofor and DER- be used to move toward the Integrated Grid, 

Owner ond generally provide the operator the ability 


System Operator Solutions 

Interactive Solutions 

DG-Owner SoluHons 

Network Reinforcement 

Price-Based Demand 

Local Storage 


Response 


CwMiwI Votage ContittI 


SeirCoftsumpfiOfi 

Static VAR Compensators 


Power Factor Control : 

CwtEot StOfage 

OivDemond Cortaiiment 

Direct Voltage Cortrof 

Network Reconfiguration 

Wide-Area Voltage Control 

Frequency-bosed Curtailment 


Table 2: Technology Options [45], [46] 
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Action Plan 

The current and projected expansion of DER may significanfiy change the technical, c^rationai, environmental, and financial 
characteristics of the electricity sector. An integrated grid that optimizes the pov\^r system while providing safe, reliable, 
affordable, and environmentoily responsible dectricity swi! require global collaboration in Hie following four key oreas: 


1. interconnection Rules and Communicahons 
Technologies and Standards 

® Interconnection rules that preserve voitoge support 

and grid management 

» Situational awareness in operations and longterm 
planning, including ruies-of-the-rood for installing 
and operating distributed generation and storage 
devices 

® Robust inhimation and communico/ion 
technologies, including high-speed data processing, 
to allow for seamless interconnection while assuring 
high levels of cyber security 

* A standard language and a common inhrmaiion 
model to enable interoperability among DER of. 
different types, from different manufacturers, and, 
with different energy monagement systems 

2. Assessment and Deployment of Advanced Distribution 
and Reliability Technologies 

* Smart inverters that enable DER to provide voltage 
and frequency support and to communicate with 
energy management systems [1] 

* Distribution management systems and ubiquitous 
sensors trough which operotors can reliably 
integrate distributed generation, storage and end- 
use devices while olso interconnecting those systems 
with transmission resources in real time {2) 

* Distributed energy storage and demand response, 
integrated with the energy management system [3] 


3. Strategies for integrating DER with Grid Planning and 
Operation 

• Distribution planning and operational processes 
that incorporate DER 

» Frameworks for data exchange and coordination 
among DER owners, DSOs, and orgonizations 
responsible for transmission planning and operations 

» Flexibility to redefine roles and responsibilities 
of distribution system operators and independent 
system operators 

4. Enabling Policy and Regulation 

■* Qipacity-related costs must become a distinct 
element of the cost of grid-supplied electricity to 
ensure long-term system reliability 

• Power market rules that ensure long term adequacy 
d both energy and copacity 

• Policy and regulatory framework to ensure costs 
incurred to transform to an integrated grid ore 
allocated and recovered responsibly, efficiently, 
and equitably 

« New market frameworks using economics and 
engineering to equip investors and other stakeholders 
in assessing potential contributions of distributed 
resources to system capacity and energy costs 
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Next Steps for EPRI 

in order to provide fhe knowledge, information, tods that 
will inform key stakeholders as they take part in shaping 
the four key areas supporting fransformofion of the power 
system, EPRt has begun work on a rtiree-phose initiafi\^. 

Phase I - Develop a Concept Paper 

This concept paper was developed to align stakeholders 
on the main issues while outlining real examples to support 
open fac^based discussion, input and review was provided 
by various stakeholders from the energy sector indudlilg 
utilities, regulatory agencies, equipment suppliers, non* 
governmental organizations (NGOsj, and other interested 
parties. The publication of this paper will be followed b/ 
a series of public presentations and additional topical 
papers of a more technical nature that will more completely 
analyze various aspects of the Integrated Grid and lessons 
learned from regions where DER penetration has increased. 

Phase 11 - Develop an Assessment 
Framework 

In this six-month project, EPRl will develop a framework 
for assessing the costs and benefits of combinations 
of technology that lead to an Integrated Grid. Such 
a framework is required to ensure consistency in the 
comparison of options and to build a resource library that 
will inform the Phase 111 demonstration program. 

In order to organize a comprehensive homework, EPR! will 
analyze System Operator, DER Owner, and Interactive 
Options listed in Table 2. Since each counfry, state, 


r^ion, utility, and feeder may have differing characteristics 
that lead to different optimized solutions, efforts will be 
made to ensure that the framework is flexible enough to 
accommodate these differences, 

^difionally, a testing protocol will be developed in support 
of tfie Phase ill global demonstration program to ensure 
that a representative sample of systems and solutions will 
be tested. 

Phase III - Conduct a Global 
Demonstration and Modeling Program 

ftiase 111 will focus on conducting global demonstrations and 
modeling using the analytics and procedures developed in 
Phase II to provide data and information that stakeholders 
will need for the system-wide implementation of integrated 
grid technologies in most cost effective manner. 

Using hie Phase II framework and resource library, 
participants in Phase III can combine and integrate their 
various experiments and demonstrations under a consistent 
protocol. However, it is neither economic nor practical 
for an individual distribution system operator to apply all 
the technological approaches across different types of 
distribution circuits. Therefore, Phase III, planned as a two- 
year effort, will present foe opportunity for utilities globally 
to collaborate to assess the cost, benefit, performance 
and operational requirements of different technological 
approaches to an integrated grid. 


34 


The Integrated Grid 



48 


Demonstrations and modeling projects in areos where DER 
deployment is not expected near term will use the analyfics 
ond procedures developed in Phase !i to ensure that resuite 
can provide data and information that utilities will need for 
planning investments in the system-wide impfem^tafion of 
integrated grid fechnobgies. 

With research organizotions and techndcgy providers 
working with distribution companies on individual 
demonstration projects, EPRi can work to ensure ^at 
findings and lessons learned are shored, ond to consolidate 
the evaluations of the different approaches. The lessons 
learned from the real life demonstrations will be assembled 
in a technology evaluation guidebook and information 
resources and anolysis tools. 


New tecdinologies for grid modernization will continue 
to evolve as tfie transformation to an integrated grid 
continues in this decade and beyond. The effort outlined 
in Riase ii and Phase Hi will not be a one-time event but 
will set the stage for ongoing technology development 
and optimization erf the integrated grid concept. As new 
technedogy e\«olves, a comprehensive framework for 
ossessm^t erf the technology as outlined in Phases 11 and 
111 con support prifoent investment for grid modernization 
using a solid scientific rigor of assessment before system- 
wide def^oyment. 


An integrated grid that optimizes the power 
system while providing safe, reliable, affordable, 
and environmentally responsible electricity will 
require global collaboration. 



The Integroied Grid 
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Outputs from the Three-Phase EPRI Initiative 

Taken together, Phases II and 111 will help identify tfie 
technology combinations that will lead cost-^fective and 
prudent investment to modernize the grid while supporting 
the technical basis for DER interconnection requiremente. 
Also to be developed are interface requirem^ts tfiat help 
define the technical basis for the relationship between 
DER owners, DSOs, and TSOs or ISOs. The informafion 
developed, aggregated, and anolyzed in Phases II and 
111 will help identify planning and operational requirements 
for DER in the power system and inform policymakers and 
regulators as they implement enobling policy and regulation. . 
The development of a consistent framework backed up wirtn 
data from a global technology demonstration and modeling 
program will support cost effective and prudent investments, 
to modernize the grid in order to effectively integrate large 
amounts of DER into the existing power system. 

A key deliverable from the Phase II and III efforts will be 
a comprehensive guidebook, analytical tools, and a 
resource library for evaluating combinations of technologies 
in distribution system circuits. In order to maximize the 
value of these deliverables, EPRI will seek to partner wi^ 
organizations that are leading integrated grid-style analyses 
and demonstration projects to ensure that all hove access 
to the full database of inputs and ou^uts from these 
important projects even if they were not directly involved 
in the technical work. Key components of the guidebook, 
analytical tools, ond resource library will include: 


• Comprehensive descriptions of technological 
approaches and how they can be applied in a 
distribution system 

• Modeling tools and approaches required to assess the 
performance of the technical solutions 

• Operational interface that will be required between 
DER owners and DSOs 

• Analytics to assess the hosting capacity of distribution 
circuits 

• Analytics to evaluate technology options and costs to 
support greater penetration of DER 

• Analytics to characterize the value of integrated grid 
approaches beyond increasing feeder hosting capacity 

A collaborative approach will be essential to develop the 
comprehensive knowledge repository of costs, benefits, 
performance and operational requirements of the multitude 
of technical approaches that can be implemented in a given 
distribution feeder for a specific level of DER integrotion. The 
guidebook, analytical tools and resource library will build 
on prior work of EPRI and other research organizations to 
develop a portfolio of solution options outlined in Table 2. 
They will also use the DOE/EPRl cost/benefit framework 
for evaluating smart grid investments as part smart grid 
demonstrations around the world [47]. 
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Conclusion 


Changes to the electric power system with the rise of DER 
have had a substanfiol impact on the operation of the electric 
power grid In places such as Germany and Hawaii. As 
consumers continue to exercise their choice in technology 
and service, technologies improve in performance ond cost, 
ond federoi ond regional policy incentives are passed, DER 
could become even more pervasive. 

DER deployment moy provide several benefits, including 
reduced environmental impact, deferred copacily upgrades, 
optimized distribution operations, demond response 


capobilittes, and improved power system resiliency. The 
successful integration of DER depends pivotally on the 
existing electric power grid, especially its distribution 
systems which were not designed to accommodate a high 
penetration of DER while sustaining high levels of electric 
quality and reliability. Certain types of DER operate with 
more variability and intermittency than the central power 
stations on which the existing power system is based. The 
grid provides support that balances out the variability and 
intermittency while also providing other services that may 
be difficult to replicate locally. 
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An integrated grid that optimizes the power system while 
providing safe, reliable, affordable, and environmentally 
responsible electricity will require global collaborates in 
the following four key areas: 

1. Interconnection Rules and Communications 
Technologies and Standards 

2. Deployment of Advanced Distribution and Reliability 
Technologies 

3. Strategies for Integrating DER wiHi Grid Planning and 
Operation 

4. Enabling Policy and Regulation 

in order to provide the knowledge, information, tools that 
will inform key stakeholders as they take part in shapir^ 
the four key areas supporting transformation of the power 
system, EPR! has begun work on a three-phase initiative: 

® Phase 1 - Align stakeholders with a concept paper (this 
document) 

• Phase II - Develop a framework for assessing the costs 
and benefits of combinations of technology that lead 
to an Integrated Grid 

• Phase III - Initiate a worldwide demonstration program 
to provide data to those seeking to implement Integrated 
Grid solutions. 


fbe iniHoHve will help identify the technology combinations 
that will lead to cost effective ond prudent investment to 
modernize rtie grid while supporting the technical basis for 
DER interconnection requirements, it will develop interface 
requirements to help define the technical basis for the 
reiatfonship between DER owners, DSOs, and TSOs or 
ISOs. Finally, the information developed, aggregated, and 
analyzed in leases li and III will help identify planning and 
operational requirements for DER in the power system while 
supporting the robust evaluation of the capacity and energy 
conWbufion from both central and distributed resources. 

The d^elopment of a consistent framework supported by 
data from a global technology demonstration and modeling 
program will support cost effective, prudent investments to 
modernize the grid and the effective, large-scale integration 
of DER into the power system. The development of a large 
collaborative of stakeholders will help the industry move in 
a consistent direction to achieve an Integrated Grid. 
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Appendix A Cosf Ccilcylations 

Generation, Transmission, Distribution vs. Cost of Energy and Capacity 

GeneroHon, Transmission, Distribution Bre'akdov^ are proy'ided from EIA estimates in {$/kWh} assuming on average customer 
usage of 982 kVVh/month. ■ 

sK .^‘^■^t'c''niPtr>fwocomponents{EnergVaridCapadfylbasedc^PJMmarketestimafesobhep'i^f-'hipaN j \n 
o)'' mahiig''t-- A Summary of Trends and Insights." 2011. hrtp;//vvvvw,pim.Ci, ' o’ ' 



Of which, 80% was esfimoted as energy-related, while the other 20% was dtfributed to. capacity. 

Distribu 1 are estimated based on the following breakdown from SCE (EG NBM Effectiveness 

Among the oppendices, Southern California Edison's (SCE) implied transmission and cfistrifxrtiOn (T5iD) costs were provided. 
When those costs were scaled back to national average N«3lues, .the percentages are provided below: 


SCE Implied Cost breakdowns {when scaled to $40/month) 


Gos^ Breakdown 

$/Mon#i 

Fixed % 

Variable % 

Fixed ($) 

Variable ($) 

: Customer , 

$14 29 

100% 

0% 

$14 29 

$- 







! Sub Irdnsmtssfon 


6o: 









TOTAL 

$40.00 


$3671 

$3 29 


Thus the variobie (energy-bosedf T&D' costs were taken at $3/mbnth: • 
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Cost of Off-Grid Residential Solutions 

Cost ^igures reflect the additiona! cost to take a residence tfiaf produces 100% of ite energy bcaiiy (from PVj and turn it into 
a self-sufficient entity that can operate without a grid connection. 

These costs include: 

* Extra PV panels (beyond she annual kWh requirement) 

® Battery storage - 

* Charge controller 

“ Backup generator 

Which ore then amortized across the lifetime of the project (20 years) 


Software Package: HOMER Energy (HouHy energy profile simuiator) 

Locations: St. Louis, MO ond San Francisco, CA 

Analysis includes appropriate incentives Federal ITC and net-energy-metering 



San Francisco. CA^ 

767MWh/yr 


St. louis, MO 
12MWh/yr 


Location 

Load Profile (OpenE!) 


hx>ject Lifetime 
PV System jArroy + 


•$450-$550/installed 

$200430®nsta|4iTl®pC32l^ 


Battery Cost 


$600/kW 


System Conttoller 
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The Chairman. Thank you, Dr. Howard. We will be sure to have 
some. Thank you for the model here of your integrated grid. 

Let’s go to Dr. Littlewood. Welcome. 

STATEMENT OF DR. PETER LITTLEWOOD, DIRECTOR, 
ARGONNE NATIONAL LABORATORY 

Dr. Littlewood. Good morning, Chairman Murkowski, Ranking 
Member Cantwell and members of the Committee. Thank you for 
the opportunity to appear before you. 

A reliable, efficient, and secure electrical grid is, of course, essen- 
tial to the United States’ prosperity, competitiveness, and innova- 
tion. As we’ve just heard, our existing grid struggles to accommo- 
date the new economy that is emerging as the nation and the world 
shift to clean energy and to digital technology. 

Much of the grid was designed and built using technologies and 
organizational principles developed decades ago to serve vertically 
integrated markets with large scale generation sources located doz- 
ens of miles from consumers. They were designed to use centralized 
control schemes that deliver a one-way flow of power to customers. 
The emerging national economy needs a flexible modern grid that 
accommodates two-way flow of electricity and information, provides 
strong protection against physical and cyber risks and the impacts 
of natural disasters, and integrates widely varying, widely distrib- 
uted energy sources such as solar and wind that produce electricity 
intermittently depending on the weather. 

Argonne National Laboratory is a DOE Office of Science lab with 
a long and distinguished history in power R & D. We recently 
joined 13 other DOE laboratories in the Grid Modernization Lab- 
oratory Consortium. I’ll refer to this as the GMLC, a new initiative 
started last November by Energy Secretary Ernest Moniz. 

The GMLC is developing a vision and a plan for moving forward 
and has already identified three specific goals that can be achieved 
through a coordinated national effort to modernize the grid and to 
have in operation by 2025 which would yield a 10 percent reduction 
in the societal cost of power outages, a 33 percent reduction in the 
cost of utility’s reserve margins, and a 50 percent reduction in the 
cost of integrating energy distribution within the grid. 

The GMLC estimates conservatively that achieving these three 
goals would save the nation’s economy $7 billion a year. In addi- 
tion, a coordinated national grid modernization effort would help 
ensure that the future grid is a flexible platform for innovation by 
entrepreneurs and others who can develop tools and services that 
empower consumers and businesses helping them make informed 
energy decisions. 

The GMLC has identified significant opportunities and needs in 
six broad technical areas that are critical to the establishment of 
the future grid. Sensing and measurement to report real time data 
from across the grid. 

Devices and integrated systems that can talk to each other over 
the Internet allow customers to make decisions about their energy 
use and implement those decisions remotely. For example, Argonne 
is helping to make hybrid and electric vehicles future grid friendly 
by working with the automotive and electrical supply industries to 
develop and test systems and technologies that let electric vehicles 
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communicate with grid operators and to enable “smart” charging 
and discharging, depending on the condition of the grid. 

Advanced energy storage systems are critical to integrating inter- 
mediate, intermittent electricity sources within the grid. The Sec- 
retary of Energy recently stressed the need for us to consider grid 
and storage as an integrated activity. An excellent example of this 
integration is DOE’s Joint Center for Energy Storage Research 
which leverages and expands current investments in energy stor- 
age research and is a vital component of the overarching grid strat- 
egy. 

We need to work on system operations and power flow, because 
today’s grid relies primarily on control rooms and centralized oper- 
ations. 

The future grid must also be secure and resilient in the face of 
disruptive threats that range from natural disasters to terrorist at- 
tacks. 

Today’s grid is largely reactive, responding to failures after they 
happen. Although advanced control systems have improved auto- 
matic outage responses, they can expose the grid to new cyber risks 
as digital components proliferate and create new points of entry. 

As I mentioned earlier, advances in energy storage are critical to 
integrating clean, renewable energy sources such as wind and solar 
into our electricity supply and also to supporting fluctuating de- 
mand on microgrids. Breakthroughs in battery technology are 
needed to reduce our dependence on petroleum through a broader 
use of electric vehicles. 

Grid modernization will provide the nation with a reliable and 
secure system that delivers increasingly clean energy to business 
and residences in ways that optimize customers’ ability to control 
how, when, and where they consume energy. Grid modernization 
also assures a system that remains resilient to a range of threats 
and vulnerabilities. Success will not only save the nation billions 
of dollars annually, it would also create new suites of advanced 
technology. 

Thank you for your time and attention to this critically impor- 
tant topic. 

I’d be pleased to respond to any questions you may have. 

[The prepared statement of Dr. Littlewood follows:] 
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Testimony of Dr. Peter Littlewood 
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U.S. Senate Committee on Energy and Natural Resources 
March 17,2015 


Chairman Murkowski, Ranking Member Cantwell, and members of the Committee, thank you 
for the opportunity to appear before you today to discuss the state of technological innovation 
related to the electric grid. 

A reliable, efficient, and secure electrical grid is essential to the United States' prosperity, 
competitiveness, and innovation. It delivers the power that drives our economy, lights our homes 
and enables the near ubiquity of the Internet in our daily lives. It is essential for meeting the 
needs of our growing digital society and a clean energy economy. To achieve a reliable, resilient, 
and clean electric power sector, our nation must pursue the vision of a Future Grid in which all 
the parts communicate with one another and deliver reliable, affordable and clean electricity to 
consumers where they w'ant it, when they want it, and how they want it. 

While modem communication networks would have been unimaginable to Alexander Graham 
Bell, the current electrical grid would be much more familiar to Thomas Edison. That reflects the 
persistence of expensive physical investment and is a reminder that the grid we build today will 
be with us for many decades. As we exploit the convergence of information networks with 
physical transport networks for infrastructure - not only the electrical grid, but also gas, water, 
and tran.sportation - we must build in the flexibility to support unheralded developments both in 
technology and in the needs of society. A future grid will likely need to support distributed 
generation from renewables, support an electrified transportation network, entwine with other 
physical distribution networks, and be embedded in a complex information-rich, sensorized 
environment. 

This will not be an easy task, but it is a challenge we must meet head on. It will require 
investment, cooperation and technological innovation on a grand scale. It wall require a 
concerted effort over decades, akin to the development of our interstate highway system -- 
another driver of the United States’ economic might. The competitive greatness of this country 
was built on the quality of its infrastructure, and we must once again rise to meet the challenge in 
order to ensure our future prosperity. 


Our existing electrical grid struggles to accommodate the new economy that is emerging as the 
nation and the world shift to clean energy and digital technology. Much of the current electric 
grid was designed and built using technologies and organizational principles developed decades 


1 



61 


ago to serve vertically integrated markets with large-scale generation sources located dozens of 
miles from consumers; they were designed to use centralized control schemes that deliver a one- 
way flow of power to customers who have minimal opportunity to provide feedback. The 
emerging national economy needs a flexible modem grid that accommodates the two-way flow 
of electricity and information; provides strong protection against physical and cyber risks and the 
impacts of natural disasters; and integrates widely distributed, variable energy sources, such as 
solar and wind energy, that produce electricity intermittently, depending on the weather. 

Our nation’s electricity delivery systems face complex challenges as power companies, 
equipment manufacturers, federal and state regulators, electricity consumers, and other 
stakeholders evaluate alternative technologies, systems, and investment strategies for 
modernization. To succeed, grid modernization must incorporate intelligent technologies, next- 
generation components with “built-in” cybersecurity protections, advanced grid modeling and 
applications, and innovative control systems. The Electric Power Research Institute’s 201 1 
report, Estimaling the Costs and Benefits of the Future Grid, estimated that realizing these goals 
will require between 300 and 500 billion dollars of new investment over the next 20 years. 

Today, we lack a good picture of how all the pieces of the grid fit and work together. The 
existing grid is not a single system, but a patchwork of thousands of independent generators, 
transmitters, and distributors that range from large regional utilities to rooftop solar collectors to 
backyard wind generators. The grand challenge is to understand the entirety of the grid and its 
interoperability, then to use game-changing technology to shape it effectively into that vision of 
a Future Grid that is both reliable and resilient. 

Argonne National Laboratory is a DOE Office of Science laboratory with a long and 
distinguished history in power grid R&D. We recently joined 13 other DOE laboratories in the 
Grid Modernization Laboratory Consortium (GMLC), a new initiative started last November by 
Energy Secretary Ernest Moniz. The GMLC is developing a vision and a plan for moving 
forward and has already identified three specific goals that can be achieved through a 
coordinated national effort to modernize the grid: 

• A 10 percent reduction in the societal costs of power outages. 

• A 33 percent reduction in the cost of utilities’ reserve margins, while maintaining 
reliability. 

• A 50 percent reduction in the cost of integrating distributed energy sources with the grid. 

The GMLC estimates that achieving these three goals would save the nation’s economy an 
estimated $7 billion a year. In addition, a coordinated national grid modernization effort would 
help ensure the Future Grid is a flexible platform for innovation by entrepreneurs and others who 
can develop tools and services that empower consumers and businesses, helping them make 
informed energy decisions. 
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The GMLC has identified significant opportunities and needs in six broad technical areas that are 
critical to the establishment of the Future Grid: 

• Sensing and measurement 

• Devices and integrated systems 

• System operations and power flow 

• Design and planning tools 

• Security and resilience 

• Support for utilities and regulators 

I agree with the GMLC list. I would also like to emphasize the need for advanced energy storage 
systems (included under integrated systems above) that are critical to integrating intermittent 
electricity sources with the grid and to building a national fleet of electric vehicles. The Secretary 
has recently stressed the need for us to consider grid and storage as an integrated activity. An 
excellent example of this integration is DOE’s Joint Center for Energy Storage Research 
(JCESR), which leverages and expands current investments in energy storage research and is a 
vital component of an overarching grid strategy. 

Sensing and measurement 

Sensing and measurement are critical to enabling the millions of pieces of the Future Grid to 
communicate and interact effectively. A Future Grid needs miniature, low-cost sensing and 
measuring devices to gather and report real-time data from as many components as we can 
monitor. The ability to monitor and understand the state of the grid and all its parts in real time 
will provide enormous potential benefits. We could instantaneously detect and respond to 
changes in supply and demand by rerouting transmission or adjusting generation. We could not 
only detect system failures and outages instantly, but could develop modeling and simulation 
systems that predict future failures and allow us to stop them before they happen. By designing a 
system made of components that communicate with one another, we could create new self- 
healing systems that automatically adjust to minimize the scale and duration of outages and bring 
power back online quickly. 

Many of these "distributed automation" systems have begun to appear in the field in recent years. 
In the past, when lightning tripped a switch at a transmission station, a worker had to visit the 
site to see if it was safe to reset the switch. Today, automated systems in the field communicate 
to reset switches automatically when it's safe. 


Industry has been a leader in placing smart meters in homes and businesses, which presents new, 
as-yet-untapped opportunities to run the electrical grid more efficiently, more economically, and 
with less environmental impact. At the consumer level, we can let meters in homes and 
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businesses save energy by communicating with utility systems to, for example, charge electric 
vehicles when electricity rates are low or to cut back on air conditioning and turn off unused 
equipment when rates are high. 

Devices and integrated systems 

Essential to this vision of the Future Grid is the need to develop and integrate devices that talk to 
one another over the Internet, allow customers to make decisions about their energy use, and 
implement those decisions remotely. This movement is already well under way in the form of 
products that use smartphone apps to control home thermostats and turn lights on and off from 
the other side of the world. Industry is also pursuing this vision by integrating systems and 
devices in our homes and automobiles to save time, money, energy, and lives. Examples include 
smart thermostats that sense when no one is home and turn down the temperature, car systems 
that reset home thermostats so the house is warm when the driver arrives, smoke alarms that 
flash bedroom lights when triggered in the middle of the night, and carbon monoxide detectors 
that communicate with smart light bulbs that flash red to alert home owners. The Future Grid 
promises to raise this vision to an entirely new level and unleash new realms of entrepreneurial 
opportunity. 

Argonne is helping make hybrid and electric vehicles Future-Grid friendly by working with the 
automotive and electric supply industries to develop and test sy.stems and technologies that let 
electric vehicles communicate with grid operators to enable ‘smart' charging and discharging, 
depending on the condition of the grid. Smart charging will ensure that electric vehicles recharge 
their batteries when they can take advantage of excess power, low-cost electricity, or power from 
solar or wind. Smart discharging will return electricity from electric vehicle batteries to the grid 
when customers benefit, such as during a power outage. The long-term goal is to develop 
standard, industry-wide systems and interoperable connections that let anyone plug in and charge 
any car, anytime, anywhere in the world. Achieving this goal requires a coordinated world-wide 
eflbrt and close collaboration with industry to develop, test, and validate devices and 
communications protocols that are secure, reliable, and robust. 

System operations and power flow 

The Future Grid will need advanced control technologies that enhance its reliability and optimize 
its transmission and distribution systems. While utilities install smart meters and similar devices 
around the nation, the research community lacks the analytic and diagnostic capabilities to take 
full advantage of data from these devices. Today's grid relies primarily on control rooms and 
centralized operations. The Future Grid calls for distributed controls that use computers to 
analyze data in real time and shift the flow of electrical power to meet changing conditions. 
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Distributed controls will give customers greater decision-making power over how and when they 
consume electricity. 

We also need systems that are predictive and can alert human operators to developing concerns 
before they result in failures or outages. Today's grid is largely reactive, responding to failure 
and outages after they happen. Developing predictive systems and algorithms for the Future Grid 
will require collaboration in both fundamental and applied research by computer scientists, 
systems analysts, and engineers in a variety of specialized di.sciplines. 

An underlying challenge is the grid's increasing use of microprocessors. While they provide 
many benefits, microprocessors make a system more complex and can slow it down. If a system 
grows too complex; it can behave in unexpected ways. We need fundamental research in the 
mathematical and computing sciences to understand this phenomenon and mitigate it. 

Design and planning tools 

We need a new generation of design and planning tools to accommodate the changing nature of 
the grid. The existing tools were created for a grid in which electricity was generated, 
transmitted, and delivered in one direction only-from the utility to the customer. This one-way 
model is breaking down with the rapid spread of distributed electricity generation based on 
renewable energy and the ability of customers to sell electricity back to utilities. Driven by rapid 
improvements in green energy generation, this practice will continue to grow, and we will need 
analytical methods to optimize its integration into the Future Grid. 

Better design and planning tools are also needed to calculate accurate cost-benefit tradeoffs for 
the two-way flow of electricity between utilities and customers and to ensure reliable design and 
deployment of intermittent or variable electricity sources, such as wind and solar, which are not 
deployable on demand because their availability depends on the weather. To capture the 
complexity, uncertainty, and dynamics of growing renewable generation, we need new- 
computational tools, methods, and software libraries that improve analysis and design 
capabilities a thousand-fold. 

Security and resilience 

The Future Grid must also be secure and resilient in the face of disruptive threats that range from 
natural disasters to terrorist attacks. Security and resilience need to be designed into all Future 
Grid systems and components from the start. Too much of the safety and resilience in today's 
grid was added as an afterthought — necessarily so, since much of today's grid w'as built decades 
ago. For tomorrow’s grid we need to build security and resilience into both emerging and legacy- 
grid technologies. 
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Resiliency research is a particular strength at Argonne National Laboratory, for the grid and for 
the rest of the nation's infrastructure. The grid is arguably our most important infrastructure and 
certainly one of the most complex. 

Argonne is currently developing a concept for a national Resilient Design User Facility, which 
would give researchers from industry, universities, government, and national laboratories access 
to Argonne's physical science and computing facilities to test and simulate the resiliency of key 
infrastructure systems. The goal is to develop new knowiedge, tools, and technologies to help 
communities mitigate the impacts of disasters and recover more quickly. 

The starting point for infrastructure resiliency analysis is always the impact of a potential disaster 
on the local electrical grid. Those impacts are then analyzed to understand how they will cascade 
out to the region and nation, and what additional threats come into play as the impact spreads. 

For example, any prolonged power disruption is a danger to local economies, public health, and 
safety. Power disruptions can quickly cascade across interdependent infrastructures and adjacent 
regions, triggering disruptions in transportation services, wastewater processing, and other 
critical services. Although advanced control systems have improved automated outage responses, 
they can also expose the power grid to new cyber risks as digital components proliferate and 
create new points of entry. 

Key threats to grid security include electromagnetic pulses (EMP) and geomagnetic di.sturbances 
(GMD) that could injure the grid so badly that outages last weeks or months and the damage 
takes years to fully repair. The Security and Resilience Committee ofDOE's Grid Modernization 
Laboratory Consortium considers EMP and GMD threats to have low probabilities, but 
extremely high potential impacts. Historically, utilities have been most concerned with physical 
threats to infrastructure and more recently with cyber threats. The Security and Resilience 
Committee sees cybersecurity becoming an increasingly critical challenge as we move to the 
Future Grid with millions of components communicating in real time and more operating 
decisions made by computer. 

We also need to develop methods for prioritizing which grid infrastructure assets need 
protection. Large transformers at sub.stations are particularly vulnerable assets because they are 
custom-made and their replacement lead time is typically 12 to 18 months. The Department of 
Homeland Security has spearheaded work to develop modular transformers with standardized 
designs that can be quickly assembled and delivered. We might further minimize replacement 
time by developing standardized transformers in key high-voltage classes. A good deal of 
research has been done on solid-state transformer design that could aid this effort, but the focus 
has been on small-scale, low-voltage transformers. More research and development is needed to 
scale up to the larger transformers of interest to utilities. 
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The DOE labs, specifically Pacific Northwest National Laboratory, National Renewable Energy 
Laboratory, Los Alamos National Laboratory, Sandia National Laboratories, and Argonne 
National Laboratory, have developed the beginnings of a foundational key to the secure grid — a 
National Power Grid Simulator. Such a simulator would serve two functions. First, it would 
analyze the state of the grid in real time to provide broad situational awareness and to 
communicate important information to the grid's various operators. Faced with a threat to the 
grid, the real-time simulator would help operators understand the scope and progression of 
events, and would suggest control and mitigation strategies. Second, the simulator would include 
an offline component that would operate as a national user facility where researchers from 
industry, universities, government, and national laboratories would nin virtual experiments to 
test potential vulnerabilities and mitigations, develop responses to various types of attack, and 
understand the impacts of new technologies — a capability of particular importance to the Future 
Grid and all the new technologies it will bring online. 

Support for utilities and regulators 

Utilities and regulators need better decision-making tools to provide the best information 
possible to guide and coordinate their planning and investment decisions. As the grid becomes 
smarter, better integrated, and more complex, the importance of good, rapid decision making will 
extend beyond the local level and have increasing regional and national impact. 

The rapid growth of distributed energy sources, such as solar energy and wind energy, is 
changing the game in many ways. In the previous century, an electrical utility's biggest operating 
challenge might have been how to provide power for all the region's air conditioners on the 
hottest day of the year — a relatively easy challenge to anticipate. But how do you anticipate and 
quickly ramp up supply when a cloud bank suddenly blocks the sun and cuts off all the 
electricity the grid is receiving from solar collectors on neighborhood rooftops? 

Better decision-making tools will help the states adjust their regulatory models to align utilities' 
interests with grid modernization and clean-energy goals. These tools will also provide methods 
for evaluating distributed energy technologies and .services so all stakeholders understand them 
better and can make informed decisions on grid investments and operations. 

Advanced battery research 

Advances in energy storage are critical to modernizing the nation's aging electrical grid — and 
integrating clean, renewable energy sources such as wind and solar power into our electricity 
supply. Breakthroughs in battery technology are also needed to reduce our dependence on 
petroleum through broader use of electric vehicles. 
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Across our energy economy, effective storage of energy holds the key to the flexible energy 
sourcing and delivery required to diversify our energy portfolio, renovate our energy 
infrastructure, and alleviate the growing environmental costs and risks of continued reliance on 
fossil energy as our primary energy source. For the grid, advanced battery technologies are the 
key to storing energy from intermittent sources so we can release it later when we need it. 

The best .solar tracking technologies have average capacity factors only just above 20 percent, 
and even in the windy plains, the median annual capacity factor of wind generators was only 
about 33 percent last year. (Plant capacity measures how much electricity a generator actually 
produces compared to the maximum it could produce at continuous full power operation during 
the same period.) 

Fundamental research at our national laboratories and universities has yielded significant 
improvements in batteries and energy storage over the past 20 years. But we are still far short of 
comprehensive solutions for the grid and transportation. 

Benefits of grid modernization 

Grid modernization will provide the nation with a reliable and secure system that delivers 
increasingly clean electricity to businesses and residences in ways that optimize customers’ 
ability to control how, when, and where they consume energy. Grid modernization also assures a 
system that remains resilient to a range of threats and vulnerabilities. Success will not only save 
the nation billions of dollars annually, it will also create new suites of advanced technology, such 
as: 

• A new grid architecture that enables controllability across a system that consists of 
multiple microgrids, millions of distributed energy sources, and a wide variety of end-use 
devices, most of which are still emerging. 

• Next-generation sensing and data management platforms that make the full system 
transparent and enable quick, adaptive responses over wide areas. 

• New control theory and algorithms that speed system restoration by basing decisions on 
real-time analysis of real-time measurements. 

• Contingency tools that predict outages in real-time in the face of threats and go beyond 
today's contingency tools, which consider only single-point failures, to analyze the 
impacts of multiple failures. 

• New devices and methods to manage the flow of power transmission and distribution and 
reduce the need to expand transmission systems. 

• Integration of high-performance computing to mitigate the uncertainty inherent in a 
system as complex as the Future Grid. 

• Real-time control systems based on ultra-fast (less than one second) measurement and 
estimation of the state of the grid. 
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• Validation of algorithms and computer models to make the system work. 

• Demonstrations of developing technology and systems, in cooperation with utilities, to 
verify developing concepts and strategies, such as reconfiguring grid connections in real 
time to minimize the size and duration of an outage. 

A focused national effort to modernize the grid will fundamentally alter the way our electric grid 
and transportation systems function, enabling the creation of entirely new approaches to satisfy 
the increasing electricity needs of our country. It will inevitably create new technologies, new 
businesses and entrepreneurial opportunities, and new high-value jobs with the potential to 
power the American economy for decades to come. 

Thank you for your time and attention to this critically important topic. I would be pleased to 
respond to any questions that you might have. 


### 
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The Chairman. Thank you, Dr. Littlewood. 

Next let’s go to Dr. Taft, please. Good morning. 

STATEMENT OF DR. JEFFREY TAFT, CHIEF ARCHITECT FOR 

ELECTRIC GRID TRANSFORMATION, PACIFIC NORTHWEST 

NATIONAL LABORATORY 

Dr. Taft. Thank you. Senator Murkowski and Ranking Member 
Cantwell and the Committee, for inviting me here today. 

I’d like to offer three main points in my discussion. First, we’re 
re-engineering the grid with advanced technologies, some of which 
you’ve heard about, to support many new capabilities. Second, 
these changes are actually challenging our existing grid structure 
and the methods that we use to operate it. Third, there are certain 
key technologies that can help resolve the widening gap in our abil- 
ity to manage the grid reliably as we go forward. 

In the U.S. our modernization efforts with advanced technology 
support many new goals and emerging trends that were not envi- 
sioned for the 20th Century grid. It was thought of as a one-way 
electricity delivery channel with large centralized generation to 
passive users who had little or no choice in their energy sources, 
and it had surprisingly little in the way of sensing and measure- 
ment to guide operation of that grid. 

Our present modernization efforts are driving new technologies 
at an unprecedented pace, and some of these new goals that we 
have include expanding the diversity in consumer choice in elec- 
tricity sources including distributed and clean generation sources. 

The emergence of what we call prosumers. That’s a combination 
of a customer who has both the ability to produce and consume en- 
ergy and so thereby put energy back into the grid at times. 

The ability of non-utility assets such as ordinary buildings to 
provide services to the grid and cooperate in managing grid oper- 
ations. The convergence of fuel networks, transportation networks, 
and even social networks with the grid itself. 

And then, of course, a desire for greatly improved reliability, re- 
silience, and security for the grid. 

These changes, some of which are actually occurring virally rath- 
er than being planned, are modifying the characteristics, the be- 
havior, and in some cases the very structure of our grid and vastly 
increasing its complexity of a system that’s already extremely com- 
plex. 

The forgoing are causing this widening gap in the ability of us 
to manage this grid as it evolves. As that gap widens, the ability 
of utilities to manage the grid reliably is increasingly challenged. 
The uneven penetration of new technologies mixed with legacy sys- 
tems only increases that challenge. We need new methods and new 
tools for operating the grid in addition to having these new tech- 
nologies, and we need some new kinds of components to help with 
the grid as well. 

Among all of the very valuable technologies that are being ap- 
plied to the grid, a few stand out in particular as being key to re- 
solving this widening gap between the grid as it is changing and 
our aWlity to operate it. These technologies are crucial to the fu- 
ture of the grid regardless of how modernization proceeds. 
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In particular they are sensing and data analysis — the electronic 
measurement and then the processing of the information that re- 
sults from those measurements to extract useful information on 
very large scales requires new kinds of analysis tools for the utili- 
ties. 

High voltage power electronics, adjustable electronics allow us to 
control grid power flows in ways that are more sophisticated than 
our present on/off, electric-mechanical switches. 

Fast and flexible bulk electric storage which can act as the buffer 
that evens out variations in power fluctuations caused by various 
diverse energy sources. 

And finally, advanced planning and control methods. We need 
new methods that will require the next generation of high perform- 
ance computing coupled with new control mathematics. 

The last three of those have so much potential for positive impact 
that we view the combination of storage, power electronics, and ad- 
vanced control to be a new general purpose grid component as fun- 
damental as a power transformer or a circuit breaker. 

The Grid Modernization effort that you’ve already heard about, 
launched by Secretary Moniz, is an important effort to systemati- 
cally address all of these emerging challenges. It’s designed to le- 
verage the broad assets of the national laboratory system and to 
deliver an integrated plan that connects all of the grid efforts in 
the Department of Energy. It also recognizes the importance of 
partnering with industry, the states and regional stakeholders in 
addressing these challenges going forward. 

Thank you, and I’d be happy to answer any questions. 

[The prepared statement of Dr. Taft follows:] 
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Dr. Jeffrey Taft, Chief Architect for Electric Grid Transformation, Pacific Northwest National Laboratory 


Testimony of Dr. Jeffrey Taft 
Chief Architect for Electric Grid Transformation 
Pacific Northwest National Laboratory 
before the 

U.S. Senate Committee on Energy and Natural Resources 
March 17, 2015 

I would like to thank the Chair, Senator Murkowski, and the ranking member. Senator Cantwell, for 
inviting me here today. 

My name is Jeffrey Taft, and I am the Chief Architect for Electric Grid Transformation at the Pacific 
Northwest National Laboratory. In my statement here today, I will offer three main points: 

1 . We are re-engineering the grid with advanced technology to support many new capabilities. 

2. These changes are challenging our existing grid structure and grid management tools, 

3. Certain key technologies could help resolve the widening gap in our ability to manage and operate the 
21® Century grid reliably. 

In the US, we are modernizing the grid with advanced technologies to support many new goals and 
emerging trends that were not envisioned in the original 20"" Century grid. 

The 20"' Century model for the grid was a one-way electricity delivery channel from large centralized 
generation to passive users who have no choice of electric energy sources and with surprisingly little in 
the way of sensing and measurement to guide operation. 

Present grid modernization efforts arc driving new technologies into the grid at an unprecedented pace to 
serve a variety of new goals and emerging trends not contemplated for the 20* Century grid, including: 

• expanded diversity and consumer choice in electricity sources, including distributed and/or clean 
generation such as distributed solar photovoltaics, wind, and energy storage, 

• emergence of “prosumers” (customers who are both energy producers and consumers) 

• ability of non-utility assets such as ordinary buildings to provide services to the grid and cooperate in 
managing grid operations 

• convergence of fuel, transportation, and social networks with the grid 

• desire for greatly improved reliability, resilience, and security for the grid 

These changes, some of which are occurring virally rather than being planned, are actually modifying the 
characteristics, behavior, and even the very structure of the grid, and are vastly increasing the complexity 
of the already complex US power system. 

The forgoing is causing a widening gap between the real grid and the one for which existing grid 
management methods and tools were designed. 

New technologies and new goals are reducing the effectiveness of standard methods for operating and 
protecting the grid. As the gap widens between the emerging grid and traditional grid control tools, the 
ability- of utilities to manage the grid reliability is increasingly challenged. Further, uneven penetration of 
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new technologies, mixed with legacy systems increases the challenge. New methods and tools for grid 
control are needed, as well as new kinds of grid components and an architectural framework to coordinate 
overall integration and operation. 

Among ail the very valuable technologies being applied to the grid, a few stand out as key to 
resolving the widening gap between existing grid management tools/methods, and the needs of the 
21^* Century grid. 

Certain technologies will be crucial to the future of die grid, regardless of how modernization proceeds. 
They are: 

• Sensing and data analysis - electronic sensing and automated information extraction that will require 
new data collection and analysis tools 

• High voltage power electronics - adjustable electronics for controlling grid power flows to replace 
today’s on/off electromechanical switches 

• Fast flexible bulk electric energy storage - can act as the buffer that evens out various power 
fluctuations and mismatches that can occur with diverse energy sources 

• Advanced planning and control methods and tools - new approaches using advanced control methods 
suitable for the modern grid that will require next generation high performance computing coupled 

w ith new control mathematics 

The last three have so much potential for positive impact that we view the combination of storage, power 
electronics, and advanced control to be a new grid component, as fundamental as a power transformer or 
circuit breaker. 

The Grid Modernization cross-cut initiative launched last November by Secretary Moniz at DOE is an 
important effort to systematically address these emerging challenges, The initiative is designed to 
leverage the broad assets of the national laboratory system and deliver an integrated plan that connects all 
grid efforts at the Department of Energy. It also recognizes the importance of partnering with industry, 
the states and regional stakeholders in addressing these challenges going forward. 

Thank you. I would be happy to address any questions that you may have. 


Additional Written Testimony 

Key Emerging Trends in the US Electric Utility’ Industry 

A number of inter-related trends in the US utility industry are beginning to reach scales at which they may 
impact grid operations or interact with one another. 

Increasing Data Volumes from the Grid 

While much of the public discussion around increasing volumes of grid data has focused on meter data, 
the really large volumes are in fact coming --and will continue to grow—from newer instrumentation on 
both transmission and distribution grids. Already the more than 1,000 Phaser Measurement Units 
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(PMU’s) on the US transmission grid produce vast volumes of data*, and the number of PMU’s is 
expected to grow significantly in coming years (PNNL expects that US transmission PMU data flow will 
eventually reach 50,000 PMU’s and 1.5 Petabytes/year). Early adopters are the reliability coordinators 
and system operators (ISO/RTO), with transmission system operators following. Early work on 
applications of PMU’s at the distribution level is being done, but no significant penetration exists to date. 

PMU’s are devices that measure voltage and current at different points across the grid as often as from 30 
to 60 times per second. These measurements are also time-stamped, or synchronized, by GPS technology, 
which means that by comparing the measurements at any given moment operators can get an 
unprecedented picture of system conditions in near real-time. A handful of utilities and federal power 
marketing entities pioneered the early deployment of PMU networks, for purposes of wide-area 
situational awareness on the transmission system, particularly in response to cascading outage events in 
the West in 1996 and again in 1999. The Bonneville Power Administration became the first utility to 
deploy such a network in 2000". Public/private partnerships were key to accelerating deployment of these 
networks after the Northeast/Midwesl blackout of 2003 — the largest in US history-and a number of 
investments pursuant to the American Recovery and Reinvestment Act (ARRA) of 2009 successfully 
leveraged additional industry investment^ 

The vast amounts of data now being generated from PMU’s are due to that fact that these are streaming 
devices— much like video— in that, they produce streams of data that are used at multiple destinations. If s 
expected that similar technology is about to start penetrating distribution grids, which will have orders of 
magnitude more streaming sensors than the transmission system. As interest in asset monitoring continues 
to increase, vast new volumes of asset health and operational data will be generated, some to be used in 
real time, some to be stored and analyzed later. The newer protection and control systems needed for 
advanced grid functionality, such as integration of distributed generation and responsive loads at 
increasing scale will generate enormous volumes of sensor data that must be transported, processed, and 
consumed in real time, and potentially stored for offline analysis. All told, the utility industry will 
experience an expansion of data collection, transport, storage, and analysis needs of several orders of 
magnitude by 2030. Part of this growth is due to the next item in this list. New approaches for utility data 
acquisition, transport, storage, and analytics processing are needed, and new operational paradigms such 
as Cloud storage and computing will play roles as utility business models change. 

Faster System Dynamics 

The implementation of new grid capabilities has brought with it great increases in the speed with which 
grid events occur. This is especially true on distribution grids, although the trend exists for transmission 
as well. In the last century, aside from protection, distribution grid control processes operated on time 
scale stretching from about five minutes to much longer, and human-in-the-loop was (and still is) 
common. With the increasing presence of technologies such as solar PV and power electronics for 
inverters and flow controllers, active time scales are moving down to sub-seconds and even to 


North American Synchrophasor Initiative, “PMUs and Synchrophasor Data Flow in North America as of March 
19, 2014;” available at: 

https://www.smartgrid.gov/sites/default/Hies/doc'files/nasDi pmu data flows map 20l40325.pdf 
~ Virden et al, '‘Next Steps in Grid Modernization: Early Returns on U.S. Investment, and New Innovations in 
Electric Infrastructure Policy & Technology”; (April 2012), 

For example, see: Vanzandt and Nokes, “A Western Partnership Succeeds In Enhancing Grid Reliability”; 
(August 2014); available at: http://smartgrid.ieee.org/august-20 1 4/1 1 3 ( -a-vvestem-partnership-succeeds-in- 
enhancing-grid-reliabilitv 
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milliseconds. The presence of significant levels or penetration of solar PV on a feeder (where prosumers 
may inject power into the feeder) has led to voltage stability problems, according to initial reports from 
Hawaiian Electric Company (HECO) and San Diego Gas & Electric (SDG&E). Conventional feeder 
control has been too slow to compensate, so each utility has applied fast power electronics in the form of 
DSTATCOM devices to stabilize voltages. As this fast automatic control has become necessary, the need 
to obtain data on the same times scales on which control must operate has arisen. Consequently, there is a 
sort of double impact: there are many more new devices to control on the system--and much faster 
dynamics for each device-leading to vast new data streams and increasing dependence on ICT for data 
acquisition and transport, analysis, and automated decision-making. 

Hidden Feedbacks and Cross-coupling 

As more advanced grid applications and systems are developed and deployed, more system interactions 
are emerging. These interactions are inevitable, although it seems that many applications have been 
developed to execute specific functions — without reference to broader system implications. These 
interactions occur and will continue to occur because the grid itself constitutes a hidden coupling layer for 
all grid systems. The coupling occurs due to the electrical physics of the grid, and in most cases this 
coupling propagates at nearly the speed of light. Such coupling can cause effects ranging from reduced 
effectiveness of smart grid functions, up to and including wide area blackout. Coupling exists because of 
electrical connectivity: for example, devices connected to the same feeder share voltages. In instances in 
which Demand Response (DR) is operated independently of voltage regulation, sudden changes in load 
change the conditions under which voltage regulation settings were created. This, in turn, leads to the 
settings becoming inappropriate on very short notice - too short for the relatively slow conventional 
voltage regulation methods to compensate effectively. 

This applies to both commercial DR and aggregated residential DR, although most commercial DR has 
been operated so slowly that in the past this was not much of a problem, until more fully automated DR 
became available. The net impacts of this particular interaction can include'^: 

• Reduction of the effectiveness of DR by as much as 1 5 percent; 

• Voltage violations on the affected feeder; and 

• Feeder level circuit breaker trips. 

This situation is further complicated by the fact DR applications may be developed outside the context of 
utilities’ distribution management systems; and that, in some cases, third-parties are bypassing utility 
systems altogether, to aggregate DR through direct interaction with customers. 

Other interactions have the potential to create wide area blackouts if they should occur during times of 
low stability margin operation. As smart grid functions become more complex, it is to be expected that 
more interactions will become manifest. Generally, effects of such interactions will not be important at 
the scale of pilot projects and demonstrations, but will become significant as penetrations pass tipping 
points that are becoming apparent from experience at several utilities.^’^ in such cases, the correlation and 


^ Medina, et al, “Demand Response and Distribution Grid Operations: Opportunities and Challenges,” IEEE Trans. 
On Smart Grid . September, 2010, pp 193-198 

^ Thomas Bialek, “Renewable Impact on Electric Planning,” available online: 
http:/7wwwl.eere,energv,gov/solar/pdfs/highpeniorum20l3 1 3 sdge.pdf 
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concentration of assets involved in these new grid applications — ^within and potentially outside utilities’ 
control — will determine the operational consequences of such interactions. 

RPS and VER Penetration 

The trend of converting from traditional thermal generation to renewables such as solar and wind (known 
as Variable Energy Resources [VER]) has been driven by a combination of factors over the past decade, 
including Federal tax policy and state Renewable Portfolio Standards (RPS). Since VER is not 
dispatchable in the same way as traditional generation, operational challenges arise for a system originally 
designed around the concepts of pow'er balance and load-following generation control. Solutions to these 
problems involve new types of grid components such as energy storage, but also greatly expanded 
measurement, data transport, analytics, and control. 

Bifurcation of the Generation Model 

Similarly, the VER/RPS trend is shifting the model of central station generation connected to 
transmission, to a mix of that and distributed generation connected to distribution grids. This split or 
bifurcation changes grid operations drastically, introducing multi-way real power flows and other effects 
not included in original grid design assumptions, in addition, distributed generation may be able to offer 
services back to the grid operator, such as reactive power regulation — a shift in paradigm that can provide 
operational benefits if the appropriate incentives are put in place. 

Responsive Loads 

Demand response has been used by the utilities for decades, mostly in conjunction with commercial and 
industrial customers, and mostly in a non-automated fashion. More recently, efforts have been made to 
create automatically responsive loads at the commercial building level, at the residential level, and even at 
the individual appliance level. With the rise of advanced commercial building controls, behind-the-meter 
storage, wide area communications, bulk power markets, and evolving approaches to “transactive” load 
coordination and control, the concept of building-to-grid integration is moving to a bidirectional multi- 
services model. This suggests it is possible that a grid/buildings convergence is forming’. Ultimately, this 
convergence would result in an extension of the grid-involving a class of assets not owned by the 
utilities. In this scenario, the observability and controllability issues resident in the operation of today’s 
distribution grids will also extend to include grid-connected, responsive loads. 

Changing Fuel Mix 

The change from traditional thermal generation to renewable sources is one shift that’s been underway for 
some time; but it is also the case that retirements of coal and potentially nuclear plants will manifest in 
new grid operating characteristics. In addition, this trend is surfacing in its effect on utility planning - for 
example, in some regions, gas pipeline planning and build-out has to a significant degree displaced 
transmission line planning and build-out. At present, the industrv' lacks the tools required for joint electric 
and gas system planning. Moreover, Information and Communication Technology platforms do not yet 
commonly exist within utilities to support interactions with both electric and natural gas markets. 


^ Martin Lamonica, “Why is Hawaii Scaling Back on Sola-?” Greenbiz,com, Jan 28, 2014, available online: 
http://www,greenbiz.com/blog/2014/Ql/28/soiar-ha\vaii-utilities-scalin g-back 
’ See Hagerman et ai, “Buildings to Grid Technical Opportunities”; available at: 
http:/7energv.gQv/sites/prod/files/2014/03/fl4/B2G Tech Opps- intro and Vision.pdf 
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Evolving Industry /Business Models and Structure 

A number of key stakeholders believe that the penetration of new functions at the distribution level, along 
with responsive loads and distributed generation, is causing the original mode of distribution operations to 
become inadequate. Proceedings in Hawaii, New York and California are all aimed at reconsidering the 
roles and responsibilities of distribution grid operators as is much thought leadership in the industry at 
large*”'". 

Evolving Control System Needs 

Utility controls systems have traditionally been centralized, with hub and spoke communication to remote 
subsystems and equipment, as needed. As the various trends cited above have emerged, the need for 
changes in control system structure has become apparent. Specifically, control systems must change from 
being centralized, to a hybrid of central and distributed control. Distributed control is distinguished from 
decentralized control in the following important way: decentralized control involves moving some control 
to remote locations; but the remote elements perform controls tasks in isolation, with perhaps some 
coordination from a centralized supervisory element. Distributed control includes those aspects, but also 
is distinguished by the following: the decentralized elements cooperate on solving a common problem. 
This aspect creates new requirements for communication, methods for coordinating the elements and 
converging on a common .solution. 

Interdependence on Information and Communication Technology 

Interdependence of electric and ICT infrastructure has increased in recent decades, and recent trends in 
the utility industry suggest an even tighter coupling of these networks in coming years. While cyber 
vulnerability must remain a focus of federal research, development and information-sharing efforts with 
industry, the convergence of these networks also holds substantial promise as a platfomi for energy 
innovation, leading to potential new value streams and enhanced system resilience. The pace at which this 
convergence occurs and new services and operational methods emerge will turn on a number of factors, 
including regulatory structures that set the framework within which utilities and grid operators prioritize 
infrastructure investment decisions. 

In assessing the challenges and opportunities presented by the enhanced interdependence of grid and ICT 
infrastructure, it is key to understand the ways in which utilities might use different classes of data, the 
characteristics (such as latency) that determine the operational and business value of that data, the 
implications for communications network investments, and required evolution in analytics, visualization 
and software tools that will help unlock new services and bolster desired system attributes such as 
resilience. Grounded in this understanding, a handful of key priorities emerge as potentially appropriate 
initiatives designed to convene relevant stakeholders, provide tools and methods that help infonn industry 
investment strategies, and accelerate the pace at which innovations are brought to market. In particular: 

• Leadership in convening industry stakeholders for purposes of developing a reference architecture 
for control systems— extensible across electric and ICT networks— is a key first step in enabling the 


* Lorenzo Kristov and Paul Dc Martini. “2 1 “ Century Electric Distribution System Operations,” available online: 
http://smart.callech.edu/papers/2lstCEIeclricSvst e mOner3tionsO.S07l4.Ddf 

” Hawaii PUC, “Exhibit A: Commission’s Inclinations on the Future of Hawaii’s Electric Utilities,” available online: 
httD:/7Duc.havvaii.gov.^wp-conienl/uDloads.''21 }i 4/04/Commissions-lnclinations.pd r 
NYS Department of Public Service staff, “Reforming the Energy Vision,” available online: 
htto:.v'www3.dDs.nv.gov/W/PSCWeb.nsf/96tP fec0 b45a3c6485257688006a701a.'26be8a93967e604785257cc40066b 
91a/$FlLE/ATTK0J3L.pdf/Reforming%20Th e% 20Eneri:v%20Vision%20(REV)%20REPORT%204.25.%2014.pdf 
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kinds of innovations that will enhance grid observability and controllability in coining decades. A 
reference architecture is a technology’ neutral framework applicable to complex systems such as the 
grid, which takes a disciplined approach to characterizing system components, structures and 
attributes. Such an architecture helps identify potential gaps in technology and operations, assists in 
defining key system and component interfaces and provides context for interoperability and 
standards-setting activities. 

• Exploration of mechanisms and tools relevant to ensuring ICT network investments are sufficient to 
enable enhanced grid management functions at the distribution level. For example, while wireless 
mesh networks built to support AMI deployments are more affordable than optical fiber or other 
advanced wireless technologies, certain characteristics may render them insufficient for system 
restoration and resilience functions in an outage or emergency scenario. In addition, early indications 
suggest meter communication networks have often been designed only to support consumers’ usage 
reporting and thus lack the bandwidth and latency capabilities needed to support operation as a grid 
sensor network. Networks are increasingly integral to modem power grid operations, yet most power 
grid simulation and design tools today lack means to include communications-related elements. 
Measures to accelerate integration efforts and move them into use by utility planners and design 
engineers may help better inform grid operators’ investment decisions. Moreover, certain regulatory 
refonns and/or tax incentives to encourage appropriately scaled investments may warrant 
consideration. 

• And finally, acceieration of ongoing research and development efforts to develop new grid 
management tools, linking capabilities in high-performance computing and advanced power systems 
engineering with software developers and utility/grid operators. While if s reasonable to expect the 
commercial marketplace to eventually solve issues associated with emerging software needs of the 
utility industry, it is unclear this will take place in time to keep pace with the changing operational 
landscape of the grid, particularly at the distribution level. That’s because software developers face a 
classic “chicken and egg” scenario. 'Fhe market for thc.se solutions is relatively thin (confined to the 
number of utilities in North America), which leads to conservatism in investing in new products for 
control systems that, in essence, might also replace existing product lines. Utilities, in turn, may agree 
with an assessment of their changing needs — but don’t commit to buying new solutions until they 
have been well tested and demonstrated. Within this context, DOE can play a key, ongoing role in 
bringing together the ecosystem of stakeholders required to accelerate the path for new products from 
the laboratory to control rooms, in a way that unlocks new value streams and bolsters system 
attributes such as enhanced reliability and resilience. 

Architectural View of the Grid 

The grid may be viewed as a complex network of structures that has evolved over the past century, driven 
by a patchwork of regional economic prerogatives, diverse business models and variable regulatory 
structures. A number of current trends including the convergence of electricity and natural gas 
infrastructures, and the bifurcation of generation — the emerging split of generation between bulk 
transmission-connected generation and smaller distribution-connected resources — are adding additional 
complexity, as well as providing potential opportunity to create new value streams and enhance system 
resilience. 



78 


Below, selected views of selected present grid structures provide a number of key insights relevant to 
emerging trends, specifically with respect to industry structure, business/vaiue streams, electric/power 
system structure, and control/coordination frameworks. 

Industry Structure 

Geographic-based structures have shaped the evolution of the electric power industry over the past 
century. However, the deployment of more non-utility assets interacting with the grid and emergence of 
merchant and prosumer-controlled distributed energy resources operating as a set or group despite wide 
geographic dispersal can erode the concept of a geographically bounded customer. 

A review of industry structures shows that distribution operations are disconnected from the rest of the 
system in a control and coordination sense. In certain contexts, however, system operators at the 
wholesale level had already begun bypassing distribution utilities to directly engage distributed energy 
resources in the last few years. Recent court rulings and industry deliberations on the future of 
distribution have already opened up reconsideration of roles and responsibilities for ensuring system 
reliability, especially at the distribution level and have implications for grid control and coordination 
structure. However, many state and local laws and regulation would have to be changed. 

BusinessA^aluc Stream Structure 

Modeling the accrual of value streams within industry structures helps illustrate the kinds of business 
ecosystem partnerships required to realize such value. Regulatory variables figure prominently in 
determining which entities can realize such value, and what forms these values (products or services) may 
take. 

Low-growth value streams are those most directly connected to provision of electricity as a regulated 
commodity; whereas potential high-growth streams are tethered to customer/prosumer products, devices, 
and services. Once again, what value streams are regulated, by whom, and under what terms, will bear on 
the distribution of these opportunities in what is essentially a zero-sum situation, and what entities are 
positioned to capture shares of the sum. 

Electric System Structure 

The structure of the grid determines important system properties and basic limits. For example, in major 
cities, the structure of dense underground urban mesh underlying the di.stribution system limits any 
services that buildings might supply to grids to the local feeder secondary, except for those that reduce net 
load. In these contexts, distributed generation and storage cannot push power back into the distribution 
feeders, and thus cannot push power to the grid. Furthermore, tripping of multiple network protectors 
will cause a portion of the secondary mesh to island. Since the network protectors are not coordinated, 
the extent of the island is unpredictable. Where fuses are used in the secondary, some of these may blow, 
requiring truck rolls to replace before nonnal operation can be restored. 

The enablement of two-way flows within distribution systems in the face of such structural limitations 
can have costs that go beyond those related to new premises equipment and software. Some amount of 
change at the utility level may be needed just to unblock the potential for certain building-to-grid 
energy/power services. 

While basic coupling occurs electrically at multiple levels in the grid, coupling can and does occur in 
other ways, some of which can be quite subtle. Coupling can occur through controls, markets, 
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communications networks, fuel systems, loads, and social interactions of customers/prosumers. 
Unsuspected coupling is a hazard of increasing grid complexity. 

The list of interactions between system elements is growing as the penetration of new devices and 
functionality increases. Responsibilities for reliability management have historically been established 
hierarchically, starting with wholesale generation/transmission treated in a semi-integrated fashion, but 
then separately at a lower level within distribution — ^where reliability requirements have historically been 
assigned to single regulated entities. Two-way powder flows within distribution systems will require 
greater focus on making more explicit shared responsibilities for reliability management (and supporting 
investments) between distribution system operators and loads/producers within that distribution system. 

Another structural consideration relates to system inertia and coupling of generators with droop control 
through the transmission system, which is crucial to proper grid operation. The implications for system 
inertia associated with replacing traditional forms of central station generation with DG and variable 
resources are not thoroughly understood. This is particularly the case in the loosely coupled Western 
Interconnection. Exploring methods for measuring — and potentially predicting — system inertia 
associated with existing operations as well as in context of a changing generation mix may provide key 
insights for policymakers and regulators concerned with system reliability. At present, this may require 
additional R&D efforts. In addition, such methods would be useful in the development of joint planning 
tools, which likewise do not yet exist for purposes of enhancing industry and policymakers’ 
understanding of emerging infrastructure interdependencies (such as electricity and natural gas). 
Meanwhile, efforts underway in ERGOT to consider inertia-related grid services merit careful attention. 
Novel configurations of assets at the distribution level (including storage) may ultimately be leveraged to 
help provide such services — but once again, regulatory friction associated with determining which entities 
are eligible to provide such services, and allocation of costs and benefits, may once arise under current 
law. 

Control/Coordination Framework 

The inclusion of markets inside closed loop grid controls means that markets could contribute to control 
instability. The problem will worsen with additional entities in the loop and the presence of faster 
dynamics and diverse sources of net load volatility. 

Consider the isolation of distribution control and coordination from the rest of the grid in the light of 
regulatory structure, namely the Federal regulation of the bulk power system, versus State and local 
regulation of distribution grids. Note that regulatory structure, industry structure and control/coordination 
structure are currently aligned — but this alignment Is with a control structure that is increasingly 
problematic as the grid changes due to emerging trends. 

In particular, the changing nature of system dynamics, implications of DER deployment at increasing 
scale, new technologies and models of consumer engagement are putting pressure on regulatory 
boundaries drawn over the past century. Current academic and industry literature suggests a 
consideration of a new. Distribution System Operator (DSO) model, though this thinking is very new and 
includes a highly varied set of topics. 

Grid Architecture 2030 

Looking forward using grid architecture principles and methods, it is possible to derive a number of 
preliminaiy' insights: 
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Buildims: Buildings are significant users of electricity. Today, they exist primarily as passive loads, but 
hold promise for potentially providing services back to the grid in a transactive mode. The key grid-side 
factors limiting the expansion of building-to-grid services are not interoperability or interface standards 
(important though these are) or quantification of value streams. Instead, they are structural limitations to 
the distribution grid (such as those previously discussed in context of dense urban mesh), and current lack 
of a coordination mechanism on the grid side that extends across the grid/building boundary. 

Stora 2 e: Storage is unique in that it can be capable of taking energy or power from the grid, adding 
energy or power to the grid, and supplying a wide range of grid services on short (sub-second) and long 
(hours) time scales. It can supply a variety of services simultaneously. There is an emerging sense that 
the combination of fast bilateral storage, llexible grid interface mechanisms, and advanced optimizing 
control is a general purpose grid element as fundamental as power transformers and circuit breakers. 
One of the most significant impacts of storage will be the ability to decouple generation and load 
volatilities. Since it is known that the impact of storage can be location-dependent, there is a need for 
new planning tools and procedures to make use of storage as a standard grid component, and to optimize 
storage location and size. 

Whole Grid Coordination fLaminar Coordination Framework): Coordination is the means by which 
distributed elements are made to cooperate to solve a common problem — in this case, grid control. It is 
clear that existing grid coordination has gaps and lacks a rigorous basis — and that the gap is widening, 
with respect to grid behavior and desired capabilities. Where the grid is concerned, a structure that 
accommodates multiple simultaneous approaches to control is likely required. Local optimization inside 
global coordination is a principle for a mix of centralized and distributed control that provides properties 
such as boundary deference, control federation, disaggregation and scalability. 

ISO’s/RTO's and PER Dispatch : In certain (but not all) markets today, DER is being dispatched by 
Independent System Operators or Regional IVansmission Operators, which retain system balancing and 
reliability responsibilities at the transmission level, and also operate wholesale markets. The ISO/RTO 
approach has led to several problems that have caused the industry' to seek alternative arrangements. For 
example, letting an ISO/RTO handle DER causes a bypassing of distribution operators, which introduces 
ambiguity in the responsibility for distribution reliability, compromising the ability of the distribution 
operator to manage its assets and operations. A recent 3^^* Circuit Court of Appeals ruling, a position 
statement by PJM, and proceedings in California and New York are addressing these issues. Second, as 
the number of devices that can participate in the markets and grid operations grows, a scaling problem 
arises in terms of communications, as well as in the complexity and computational requirements 
associated with control mechanisms (and associated latency requirements). 

DSO Structure: While motivated by the need to clarify and simplify responsibility for distributed 
reliability, the emerging thinking around a Distribution System Operator (DSO) model appears entirely 
consonant with a laminar coordination structure. Since the laminar structure was motivated by the need 
for whole grid coordination with a rigorous basis for predicting properties such as scalability, it is 
reasonable to expect that the DSO model can share those properties that derive from such structure. If the 
DSO were to be implemented as an independent DSO (IDSO), then the IDSO may have issues of 
economy of scale sufficient to be viable and related cost problems. 

Power Electronics/AC Power Flow: There are several means to adjust power flows in AC power 
systems, including phase shift transformers, variable frequency transformers, and various forms of power 
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electronics. Power electronics get attention as edge connection tools, in the form of inverters for solar PV 
and storage, but can be used internally in the grid for power flow control. 

Flexible Electric Circuit Operation: Adjustable flow control can be used to provide flexibility in electric 
circuit operation. It can also be used to cut or limit the effect of some kinds of constraints that exist in 
present circuits, such as unwanted cross feeder flows or unscheduled flows to the transmission system. 
Meshing provides more paths for power flow (with flow controllers directing the “traffic”), such that it 
becomes possible to make more effective use of storage and distribution level DG. That means the cost 
effectiveness of such assets is enhanced two ways: better sharing of the assets, and enablement of new 
value streams and innovations. At present, distribution grids suffer from poor observability given their 
lack of sensing capability. Additional efforts to develop observability strategies and tools for design of 
distribution sensor networks would further enhance flexible circuit operations. 
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The Chairman. Thank you, Dr. Taft. 

Ms. Barton, welcome. 

STATEMENT OF LISA BARTON, EXECUTIVE VICE PRESIDENT, 
TRANSMISSION, AMERICAN ELECTRIC POWER 

Ms. Barton. Good morning. Chairman Murkowski, Ranking Sen- 
ator Cantwell, members of the Committee and fellow panelists. I 
appreciate the opportunity to speak with you here today. 

My name is Lisa Barton. I’m the Executive Vice President of 
Transmission for American Electric Power. I also serve on the 
Board of Directors of Reliability First Corporation. 

There are three key points that I’d like to leave you with today 
for your consideration. 

The first is that the grid is a natural enabler of new technologies. 
When I think about the grid and what it does for new technologies, 
I make the analogy between its and our robust data network. 
Today we have the ability with smart devices at any time, nearly 
anywhere, to pull out that device and be able to do tasks that ten 
years ago we never would have dreamed possible. The high voltage 
electric grid is similar and plays a similar role in society. It pro- 
vides the backbone that supports diverse generation and distrib- 
uted energy technologies. 

The AEP grid is designed to accommodate two way power flows, 
so it is different from the distribution system, and it’s a point 
worth noting. 

It is also designed to withstand component failures, designed to 
withstand the loss of a large generator and the loss of one or more 
large transmission lines, so it is an extraordinarily robust system. 
The grid ensures that electricity is delivered in a cost effective, effi- 
cient, and reliable manner whether it’s produced at a large power 
plant or on the roof of a house. 

The second point that I’d like to convey is the importance of en- 
suring a reliable and resilient grid for our economy and for our na- 
tional security. 

The grid has evolved over time from a fragmented group of 
small, inter-dispersed systems to one that is a networked, a very 
strong networked system. It has been touted as the largest 
synchronist machine on the Earth. We own the system that many 
nations aspire to own. Therefore it is vital that we do not casually 
discount the power of the grid, the existing fleet of generation, and 
the tens of thousands of utility workers, particularly line workers, 
who stand ready to address system needs during times of system 
emergencies. 

The grid serves as the foundation of our economy, prosperity, and 
national security. As policy makers examine and evaluate the pur- 
pose of the grid and the potential for new technology such as wind, 
solar, distributed generation, battery technologies, and microgrids 
it’s important to recognize that the benefits to consumers will be 
maximized by combining the strengths of these resources. It’s im- 
perative that we view these resources as complementing each other 
as opposed to competing with each other. 

Finally, it’s imperative that we support diversified technological 
solutions. To maximize the benefits to the grid, we really need to 
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avoid picking winners and losers and instead allow the market to 
identify the best solution for the particular circumstance. 

With respect to AEP’s territory, one of the unique things that we 
have is a unique perspective given the vastness of the territory. We 
have 11 states where we have transmission facilities, and we’re 
also constructing new projects in two additional states. Our service 
territory touches Mexico and goes as far north as Michigan. 

As noted in my testimony there are different solutions that are 
in place to fix the problem at hand. We do not have the same sys- 
tem in West Virginia as we do in Texas and therefore the tech- 
nologies that we employ in the system itself are very different in 
each of those areas. There is no one size fits all solution with re- 
spect to the grid. 

Imagine a world where say, three years ago, we chose one appli- 
cation or one technology over another. We would have missed out 
on a much more advanced and better solutions, so it’s important 
that we don’t make those same mistakes with respect to the grid. 
By supporting a diverse set of generation resources continuing to 
invest in the backbone of the grid, we will ensure that energy is 
available, affordable, and reliable while enabling customers to opti- 
mize cutting edge technologies for their benefits. 

I thank you for the opportunity to speak with you here today, 
and I welcome any questions. 

[The prepared statement of Ms. Barton follows:] 
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Good morning Chair Murkowski and Ranking Member Cantwell, members of the Committee 
and fellow panelists. My name is Lisa M. Barton, and I am Executive Vice President of 
Transmission for American Electric Power (AEP), 1 also serve on the board of directors of 
Reliability First Corporation, the regional reliability organization for a 13-state region stretching 
from Wisconsin to Virginia. Thank you for inviting me to testify today. 

AEP is one of the largest electric utilities in the United States, delivering electricity to more than 
5.3 million customers in 1 1 states. AEP owns nearly 38,000 megawatts (MW) of generating 
capacity in the U.S., and owns and operates the nation’s largest electricity transmission system, 
with 40,000 miles of transmission lines. AEP’s network includes more 765-kilovolt (kV) extra- 
high voltage transmission lines than all other U.S. transmission systems combined. AEP’s 
transmission system directly or indirectly serves about 10 percent of the electricity demand in the 
Eastern Interconnection, and approximately 1 1 percent of the electricity demand in ERCOT, the 
transmission system that covers much of Texas. AEP’s headquarters are in Columbus, Ohio. 

Today’s hearing seeks to evaluate the state of technological innovation related to the electric 
grid. In my testimony, I will describe AEP’s experience with a number of advanced grid 
technologies. I hope to leave you with three key messages today: 

• A robust grid is a critical enabler of generation diversity, new storage and demand- 
side technologies . Just as the nation's robust data network serves as a foundation to 
modern communications and provides an enabling function for various technologies 
across the communication sector, the nation's high-voltage electric grid serves a similar 
role with respect to enabling diversity in generation and distributed energy technologies. 
The electric grid aggregates generation and demand-side technologies and ensures that 
resources, from w'hatever source derived, are delivered to customers in a cost-effective, 
efficient and reliable manner. 
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• Maintaining a reliable and resilient grid is critical to economic and national 
security . The reliability provided by the integrated electric grid serves as the foundation 
of our economy; it provides stable electricity service necessary for our economic well- 
being. As policy makers examine and evaluate the potential for new electricity 
technologies such as solar, wind, distributed generation, grid-scale battery technologies 
and micro grids, it is critical to appreciate how the system works to maintain the high 
level of reliability and affordability that we currently enjoy. Integrated appropriately, 
advancements in generation, grid and end-use technology will over time serve to 
strengthen the robustness of the network by providing greater diversity in resources and 
better responsiveness in the grid itself, supporting reliable delivery of power to all 
consumers, 

• To maximize the beneficial impact of new technologies, policymakers should avoid 
picking winners and losers and allow the market to identify the best solutions for a 
particular circumstance . Today, we are seeing new technology being applied and 
implemented all along the value chain from generation, through transmission and 
distribution, to homes and businesses. Technologies that are targeted to address 
deficiencies in reliability, improve system efficiencies, reduce the cost to consumers or 
diversify generation resources should be applied as the specific system needs and 
circumstances dictate. The choice among competing technologies should be driven by 
relative performance and cost. 

1. The Grid of the Future Will Be More Flexible and Adaptable for the Benefit of 
Consumers and the U.S. Economy 

A key element of any “utility of the future” model will be a modem, efficient grid that not 
only handles new generation and end-use technologies but also enhances the efficiency of the 
existing grid. To succeed in the future, our industry not only must continue doing what it 
does today in terms of enhancing and improving reliability and connectivity, it also must 
enable the integration of new technologies. As our customers are able to more fully utilize 
the electric grid as a technology integration network, they will realize its full value. 

The electrification of the U.S. started with smaller generators and isolated utilities; over time, 
these resources were networked together through the increasingly integrated grid that we 
know today. The integrated grid that has developed over the last century served to increase 
reliability, resiliency and efficiency. No longer did a neighborhood need to rely on one local 
source of power - it could rely on larger, more efficient units that were more cost-effective 
and diversified when integrated together. Diversification in the source, location and type of 
generation today continues with the integration of wind and solar generation and micro grids. 

The transmission system evolved over time to be the aggregator of generation and an 
efficient distributor of energy to load centers. While originally designed for the movement of 
conventional power resources to distribution systems, the grid has evolved to integrate 
variable energy resources such as wind and solar. For example, the AEP 765-kV and 345-kV 
extra-high voltage transmission lines initially were planned to integrate AEP-owned 
generation with AEP load. Today, those lines provide 9,300 MW of transfer capacity from 
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western PJM and MISO to eastern PJM, supporting ail types of resources, including wind. In 
the future, the grid will need to evolve further and be more intelligent and responsive, better 
able to manage two-way flows of pow'er and information. This will support further 
integration of distributed energy resources - such as rooftop solar and micro grids - as well 
as larger-scale intermittent generation resources such as wind and solar in a cost-effective 
and reliable manner. 

A smarter grid will be especially important to accommodate the coming changes in how and 
when customers use electricity, providing consumers with more information and choices with 
respect to energy consumption. The demands on today’s grid have changed from a few 
decades ago, and the demands in the future will continue to be shaped by consumer 
consumption patterns, which are in turn shaped by new technologies such as smart 
appliances, plug-in electric vehicles, and customers managing their electric use with mobile 
devices. The continued evolution of the grid to incorporate new technologies is essential and 
will provide for a more flexible, resilient and interactive grid to advance evolving societal 
needs. 

II. Reliable, Affordable Electric Service Depends on a Robust and Resilient Backbone 
Transmission Grid 

New electric technologies such as micro grids, distributed generation, demand response and 
other localized solutions will complement rather than replace conventional generation and 
the transmission network that brings that power to homes and businesses every day. Today’s 
system provides a tremendous amount of resiliency whereby customers are no longer 
exposed to outages associated with the loss of a single transmission line or a generating 
station; rather the grid ensures reliable power even during times when there are maintenance 
or storm-related outages of major system components. 

AEP strongly supports implementation of technologies that, working together, improve the 
resilieney, functionality, reliability and operability of the grid. When all is said and done, 
maintaining an adequate level of generation resources, in combination with a robust grid, is 
necessary to ensure reliability is maintained. 

The importance of maintaining the reliability of service provided by the system as policies 
change was recently demonstrated by Germany’s efforts to promote renewable generation, 
where implementation had the unintended consequence of forcing conventional generation 
out of the mix to the detriment of reliability. As a consequence, Germany’s Federal Ministry 
of Economics & Technology issued a New Energy Policy in 2012 recognizing that 
“Conventional power stations will remain indispensable to our electricity supply in the years 
ahead. This is because they can do what most renewable energy sources cannot: provide a 
reliable supply of power precisely when it is needed,”' 


' Federal Ministry of Economics and Technology, Gennany’s New Energy Policy - Claims and Challenges (July 
2012). available at http://www.diha.al/fileadmin/ahk alhanien/Dokumente/Germanvs New Energy Policv-pdf . 
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in. New Environmental Requirements Will Require Additional Transmission Investments 

One of the largest drivers of transmission investments is large scale changes in the location 
and type of generation resources on the system. As units retire and new resources are added 
to the system, investments in transmission are needed to ensure that the grid continues to 
function as the reliable aggregator of generation. It is clear that the implementation of the 
Environmental Protection Agency’s Clean Power Plan will require significant transmission 
construction to interconnect the new natural gas generation that will be required, to 
interconnect location-constrained resources such as wind and centralized solar power, and to 
preserve grid stability given the retirement of coal-fueled units. To maintain the level of 
reliability and system resiliency we enjoy today, the retired generation cannot simply be 
replaced with distributed generation alone; transmission investments will be needed. 

While constructing this new transmission infrastructure provides an opportunity to expand 
and update the current grid, this work, like all electric infrastructure dec'elopraent, takes time. 
It will require significant lead times to obtain approvals, permits, and rights-of-way, and to 
complete construction. Let me bring to your attention an excellent law review article written 
by two former Federal Energy Regulatory Commi.ssion regulators on the difficulties 
surrounding transmission development. Regulatory Federalism and Development of Electric 
Transmission: A Brewing Storm? The article proposes a balanced approach to state-federal 
and state-to-state jurisdictional disagreements that often impede transmission development. 

IV. AEP’s Experience with Key Grid Technology Innovations 

Like any design challenge, aligning the solution with the problem encountered is essential. 
AEP’s service territory covers 1 1 states, and we own transmission assets in 13 states. The 
diversity of our service territory htis been the mother of invention and many innovative 
technologies have been utilized by AEP to tailor the solution to the need. Innovations that 
we have advanced include: 

A. BOLD’^” - Moving More Electric Power over Greater Distances with Fewer 
Losses 

Breakthrough Overhead Line Design '''^ (BOLD™) is a new type of transmission line 
developed by AEP that utilizes a more compact and efficient configuration, featuring a 
single arch shaped tubular cross arm that supports the circuits. As a result, BOLD™ 
towers are 33% shorter than the standard transmission pole and utilize less right-of-way 
than higher voltage facilities that would transport the same amount of power. It offers a 
high capacity, reliable solution to many of the nation’s transmission challenges. 

BOLD’’^''' can effectively deliver large blocks of power over long distances, connecting 


^ James J. Hoecker & Douglas W. Smith, Regulatory Federalism and Development of Electric Transmission: A 
Brewing Stonn?, 35 Energy L.J. 71 (2014), available at httD:.ywww.feii.org./sites/defaulUfiles/docs/eii35 1 '16-71 - 
Hoecker-Smith Finai%205.13.14.ndf . 
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remote renewable generation projects to the power grid and load centers while boosting 
the load capacity of extra-high-voltage lines by 50 percent or more and requiring no more 
right-of-way than traditional 345-kV lines. This technology can also be used to increase 
capacity in the same right-of-way when replacing existing older lines with BOLD™ 
technology. 

The BOLD'f” design can mitigate the need for additional transmission lines. 

Furthermore, BOLD™ offers lower magnetic field strengths, reduced energy losses and 
greater aesthetic appeal. This technology is best applied in areas where there are right-of- 
way constraints, the need to increase the amount of power being moved or where there is 
a desire not to introduce higher voltages. AEP is piloting this technology in Indiana with 
a project that will be in service in 2016. 

B. Variable Frequency Transformer 

The Variable Frequency Transformer (VFT) is a controllable bi-directional power flow 
control device used to transmit electricity between two systems similar to a back-to-back 
high-voltage direct current (HVDC) converter. The VFT is based on the combination of 
hydro generator and transformer technologies. AEP deployed the first application of the 
VFT in the United States to address reliability problems in a load pocket near Laredo, 
Texas. The VFT was utilized by AEP to tie the Mexico and Texas grids together 
asynchronously in support of the Laredo load pocket. The transmission into the Laredo 
area, at the time, was no longer capable of supporting the load and the condition was 
made worse with the shutdown of the generation within the load pocket. The long-term 
solution is ultimately the completion of a new .345-kV transmission line into the area, but 
a short-term solution was also required. The VFT technology provides a controlled 
transmission path between the U.S. and Mexican electrical grids, improving reliability 
and permitting power exchanges, which was not possible with conventional technologies. 

C. Phase Shifting Transformers 

The Phase Shifting Transformers (PST) arc a special type of transformer that is 
connected in series with the transmission line to control the flow of power between the 
sending end and receiving end of a line. Today, AEP employs PSTs to balance the power 
flows on the transmission system to avoid thermal overloads on transmission lines and 
more efficiently and effectively utilize the capacity of the grid. This not only improves 
the reliability of the system, but it also provides the system operator with additional 
flexibility to manage the maintenance of the system. Use of this technology is applicable 
in areas where the transmission system is weak and there is a need to change power flows 
to better balance flows across large geographic areas. Using this technology allows for 
larger transmission investments to be deferred into the future, giving AEP the flexibility 
to utilize capital more efficiently in other areas of the transmission system. 
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D. Drop-in Control Modules 

AEP has designed and expanded the use of prefabricated drop-in control modules 
(DICM) to meet rising customer demand, especially from the oil and gas industry, and to 
provide grid reliability as coal units retire. A DICM is a factory-built module made to 
meet AEP specifications that houses all the communication and control technology for 
the station. It can be placed into service in eight to ten weeks, which is half the time 
needed to build a traditional control room. Although prefabricated control rooms are not 
new, AEP designed its units to be more flexible and expandable. Our extensive use of 
DICMs began in 201 1, and we are currently seeking a patent for a DICM expansion 
concept. They are reliable, save time and have proven to be a cost-efficient solution. 
Since 2011, AEP Transmission has installed more than 200 DICMs throughout our 
service territory. Our goal is to install 2,000 over the next 20 years. Use of this 
technology addresses aging infrastructure, future reliability compliance, physical security 
and situational awareness. 

E. Energy Storage-Battery Technology 

In 2006, AEP was the first utility in North America to deploy a megaw'att-scale sodium 
sulfur (NaS) battery at its Chemical Station in Charleston, WV. In 2009, AElP’s Electric 
Transmission Texas installed two 2,4-megawatt NaS batteries in Presidio, Texas, to 
provide transmission backup in the event of a transmission line outage. Presidio is a 
small, remote community bordering Mexico along the Rio Grande River - the only load 
at the end of a single radial transmission line. Previously, when Presidio’s line 
encountered an outage, the town had an immediate blackout and its only alternative 
electricity could come from Mexico. 

Energy storage via battery technology has long been viewed as a game changer for the 
electricity industry, if it could be implemented cost-effectively. Currently, the electricity 
infrastructure is built to address peak loads, recognizing significant fluctuations in energy 
consumption throughout the day <uid throughout the year. If cost-effective energy storage 
devices such as batteries became commercially available, they could effectively change 
the existing planning parameters and applications of our assets in a profound manner. 

For example, if storage technology can be cost- 

effectively combined with intermittent renewable generation such as wind and solar, it 
can mitigate the problem of output variability when renewable generation portfolios are 
significant. In most circumstances, the cost of energy storage currently exceeds what the 
market will support. Storage costs need to come down, and that can only happen with 
increased research and development, and greater market penetration. Deployment of 
energy .storage can also face regulatory barriers, because it offers multiple types of 
services. For instance, a battery project may be a low-cost alternative to a 
transmission/distribution upgrade, may have value in energy markets, and may provide 
ancillary services, but capturing this range of values may not be practical given 
regulatory treatments. 
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F. Volt Var Optimization - an Intelligent Energy Efficiency Opportunity 

Volt-Var Optimization (WO) is technology that manages voltage as power moves from 
a substation to household appliances. WO reduces demand and energy by 2-3 percent 
and sometimes more on a reliable basis at the customer’s meter, which lowers customer 
bills. It does not require any changes to a consumer’s equipment or behavior. Verifiable 
benefits are realized immediately upon deployment. This cost-effective technology 
provides for flexible implementation, because it can be used on a stand-alone basis or as 
part of a larger smart grid deployment. The technology is not proprietary; several 
suppliers manufacture the necessary equipment and software. 

WO increases the efficiency of the distribution system, reduces the need for distribution 
capital investments, and reduces air emissions associated with avoided energy 
production. It also provides a platform for future grid modernization that will deliver 
greater visibility and control of distribution system operations and improved reliability 
with relatively small incremental investment. In order to be successfully deployed, 
investment in this technology needs to be supported though the state regulatory 
processes. 

G. Solar Pilot by AEP’s Indiana Michigan Power Company 

On February 4, 2015, the Indiana Utility Regulatoiy Commission approved the 
application of AEP’s Indiana Michigan Power Company (I&M) to build, own and 
operate a Clean Energy Solar Pilot Project. The pilot project will consist of four to five 
separate solar facilities totaling nearly 16 MW, most of which will be on or near existing 
and future substation properties. Locating them in this way helps to minimize the cost of 
delivering the energy to the transmission grid. The addition of zero-carbon solar also 
meets the increasing interest of customers who want to use more renewable energy to 
meet their needs. 

H. AEP Ohio gridSMART® Demonstration Project 

This demonstration project tested a number of energy-saving programs. The heart of the 
gridSMART® Demonstration Project is the smart meter, a digital electric meter equipped 
with two-way communications technology. With the installation of the smart meter, AEP 
Ohio was able to develop and offer many innovative customer services and programs. 
Because smart meters are able to communicate in real-time, the company is better 
equipped to detect power outage locations, improve reliability, and provide faster 
response to certain customer service requests such as meter reading and service 
connections. 

One project goal was to develop programs that would help customers manage their 
electricity use and save money. Some of the programs AEP Ohio tested include SMART 
Shift, a time-of-day rate plan that helped customers save money by moving electricity use 
to off-peak times, and SMART Cooling’*”, an air-conditioning conservation program that 
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helped reduce peak demand during the summer months. In addition to smart meters, the 
company was able to test other smart grid technologies, such as: 

• Distribution Automation Circuit Reconfiguration (DACR) - A system that allows 
the automatic re-routing of electricity during service interruption, limiting the 
scale of outages. 

• Volt Var Optimization - Technology that manages voltage as power moves from 
substations to household appliances. 

• Smart Appliances - Clothes washers, dryers, refrigerators and other appliances 
that can work with smart meters to respond to high energy demand and operate all 
or parts of the appliance when costs are lower. 

V. Conclusion 

Whatever the technology future holds for the electricity sector, a robust integrated electric 
grid will be essential to providing reliable and affordable delivery of electricity to the 
nation’s consumers. Ongoing investments will be needed to reshape the grid in light of 
changes to the generation mix driven by regulatory requirements and market forces. These 
enhancements will further the robustness of the grid and enable greater implementation of 
advanced grid technologies, which should be incorporated wherever they can cost-effectively 
enhance the flexibility and reliability of the grid. 

Thank you for the opportunity to address you on these important issues. 1 would be happy to 
respond to any questions. 
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The Chairman. Thank you, Ms. Barton. And finally, let’s go to 
Ms. Edgar. Welcome. 

STATEMENT OF HON. LISA EDGAR, PRESIDENT, NATIONAL AS- 
SOCIATION OF REGULATORY UTILITY COMMISSIONERS AND 

COMMISSIONER, FLORIDA PUBLIC SERVICE COMMISSION 

Ms. Edgar. Thank you. Good morning. Chairman Murkowski, 
Ranking Member Cantwell, Committee Members. My name is Lisa 
Edgar, and I have the honor of serving as President of the National 
Association of Regulatory Utility Commissioners, also known as 
NARUC. I’m also a member of the Elorida Public Service Commis- 
sion, and my comments today reflect both responsibilities. 

Thank you for the opportunity to testify on issues regarding tech- 
nological innovation and the electric grid. I applaud the Committee 
for holding this hearing and for recognizing the role and advances 
the states have made to improve electric service. Eor state utility 
regulators ensuring the safe, reliable, and affordable delivery of es- 
sential utility service is our most pressing duty. 

Today’s hearing is very timely. Coast to coast change is hap- 
pening all around the electricity industry from smart grid deploy- 
ments to energy efficiency and distributed generation projects, 
state public utility commissions are on the front lines and pursuing 
new and innovative programs across the country. As you’ve heard 
today DG can offer economic, reliability, and environmental bene- 
fits to consumers who are able to access and use them. When com- 
bined with smart meters and other resources DG can significantly 
change how some consumers use and consume electricity. 

These resources may also transform our current utility construct 
in ways we haven’t even imagined. Yet it is important to remember 
that while consumers come in all shapes and sizes from residential 
to large industrial, the expectation and the need for affordable, reli- 
able service is the same no matter who is producing or delivering 
their electricity. 

To be sure, states are leading the way in implementing DG pro- 
grams. At last count over 43 states and the District of Columbia 
had adopted net metering policies. In addition numerous states 
have deployed smart and distributed resources. 

Eor example, in Elorida, my state, one of our utilities recently in- 
stalled a smart grid system called Energy Smart Elorida. This pro- 
gram installed over four and a half million smart meters. Now, of 
course, this did not come for free or without controversy, but it is 
a concrete step to keep Elorida on the path for a smarter, nimbler 
and more reliable grid. 

But while DG can have multiple benefits it also brings idiosyn- 
crasies and challenges that cannot be ignored. Solar and wind re- 
sources are not dispatchable. So if they are needed at a time that 
the sun or the wind isn’t producing those contributions are limited. 
Solar and wind also need support to operate under many different 
scenarios and configurations. 

Likewise small, backup fossil units can have worse air emission 
profiles than utility scale units. Grid operators generally don’t con- 
trol these resources, and it is hard to predict when they will come 
into the system, where and for what time period. These advantages 
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and tradeoffs must be better understood and balanced while mak- 
ing policy and cost allocation decisions. 

In our view experience has demonstrated that states pursuing 
these initiatives at their own pace is good policy. We understand 
the value these technologies bring, but we also recognize the chal- 
lenges associated with integrating them into the grid. Utilities are 
required to provide electricity 24 hours a day, seven days a week. 
We need to ensure that the core responsibilities of reliability and 
affordability are maintained while taking into account our local 
and regional differences. 

At NARUC our members have passed resolutions recognizing the 
many collaborative efforts between regulators, consumer advocates, 
utilities and other key stakeholders to address the potential for DG 
and other technologies. These efforts continue to be important as 
we work to better evaluate the benefits and the costs as these tech- 
nologies ^ow throughout the country. 

In addition hearings like this help ensure that necessary con- 
sumer protections are maintained. 

It remains our responsibility to facilitate the continued provision 
of safe, reliable, resilient, secure, cost effective, and environ- 
mentally sound, energy services at fair and affordable rates. As 
regulators part of our job is to bring certainty into this fast chang- 
ing and uncertain dynamic to ensure safety, reliability, customer 
affordability, customer satisfaction, environmental sustainability, 
and financial viability. Our unique reality is that we must regulate 
in the public interest for consumers and communities while these 
systems are in transformation. 

Given our statutory responsibility many of these decisions are 
best addressed at the state level. 

Thank you for the opportunity to continue a dialogue and so that 
we all better understand the opportunities and the challenges. 
Thank you. 

[The prepared statement of Ms. Edgar follows:] 
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THE HONORABLE LISA EDGAR 

PRESIDENT, NATIONAL ASSOCIATION OF REGULATORY UTILITY 
COMMISSIONERS 

COMMISSIONER, FLORIDA PUBLIC SERVICE COMMISSION 


Good morning Chairman Murkowski, Ranking Member Cantwell, 
and Members of the Senate Energy and Natural Resources Committee. 
My name is Lisa Edgar and I have the honor of serving as President of 
the National Association of Regulatory Utility Commissioners. Thank 
you for your interest in hearing from the States on these issues. 

NARUC is a non-profit organization founded in 1889. Our 
members are the public utility commissions in all 50 States and the U. S. 
territories. NARUC’s mission is to serve the public interest by 
improving the quality and effectiveness of public utility regulation. Our 
members regulate the retail rates and services of electric, gas, water, and 
telephone utilities. We are obligated under the laws of our respective 
States to assure the establishment and maintenance of essential utility 
services as required by public convenience and necessity and to assure 
that these services are provided under rates, terms and conditions of 
service that are just, reasonable, and non-discriminatory. 

I am also a member of the Florida Public Service Commission and 
have served in that capacity since 2005. My comments are reflective of 
both responsibilities and will focus on issues within the purview of State 
utility regulators. 

Thank you for the opportunity to testify today on Issues regarding 
technological innovation and the electric grid. I applaud the Committee 
for holding today’s hearing and for recognizing the advances States have 
made and will continue making to improve electric utility service to 
customers. For economic utility regulators in each State across the 
country, ensuring the safe, reliable and affordable delivery of essential 
utility service is our most pressing duty. At NARUC, this has been our 
cause for the last 126 years, and it will only grow in importance in the 
future. 
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Today’s hearing is timely. Coast to coast, change is happening all 
around the electric utility industry. From smart-grid deployments to 
energy efficiency and distributed generation projects, State public utility 
commissions are on the front lines in pursuing new and innovative 
changes across the country. 

Distributed generation technologies can be defined as non- 
centralized sources of electricity generation interconnected to the 
distribution system and located at or near customers’ homes and 
businesses. These kinds of resources include solar devices, energy 
storage, fuel cells, micro turbines, small wind turbines, backup 
generation, and much more. DG can offer economic, reliability, and 
environmental benefits to consumers who are able to access and use 
them. 


When combined with smart meters and other advanced resources, 
distributed generation can revolutionize how some consumers use and 
consume electricity. These resources will also transform our current 
utility construct in ways we probably haven’t quite imagined. Yet, it is 
important to also remember that consumers come in all shapes and sizes, 
from residential to large industrial, but their expectation of affordable, 
reliable utility service is the same, no matter who is producing or 
delivering their electricity. 

States are leading the way in implementing DG programs to 
provide options, while still assuring reliable service at fair rates. By the 
end of 2013, 43 States and the District of Columbia had adopted net 
metering policies which credit consumers for excess electricity 
generated and exported to the electric grid. Indeed, several States — such 
as New York, Minnesota, New Jersey, Georgia, California, Texas, and 
elsewhere — have all deployed varying degrees of smart and distributed 
resources. As an example, in my State of Florida, one of our utilities 
recently installed a smart-grid system called Energy Smart Florida. This 
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program installed around 4.5 million smart meters. This did not come 
for free or without controversy. However, it is a concrete step to keep 
Florida on the path for a smarter, more nimble, reliable, and efficient 
grid. 


As I described earlier, distributed generation can have multiple 
benefits for consumers and the grid. More importantly, however, DG 
including solar, has idiosyncrasies and challenges that should not be 
ignored. For example, solar and wind resources are not dispatchable, so 
if they are needed at a time the sun or wind isn’t producing, those 
contributions to power supply are significantly limited. Solar and wind 
also need grid support to operate under many different scenarios and 
configurations. Likewise, small backup fossil units can have worse air 
emissions profiles than their utility-scale brethren. 

Grid operators generally don’t control these resources, and it is 
hard to predict when they will come in, where and for what time 
period. While these effects can be manageable to a degree, they should 
not be dismissed, as they come with economic and operational 
costs. The advantages and trade-offs of distributed resources must be 
better understood and balanced while making public policy and cost 
allocation decisions. 

As States have encountered and embraced these challenges, 
experience has demonstrated that individual States pursuing these 
initiatives at their own pace works. More understanding and buy-in, 
consumer protections, and public education occur. These policy 
discussions do at times become heated, even at the State level, with 
media and advocates on every side sometimes utilizing sound bites 
rather than informative discourse. 

Let me be clear. State regulators understand the value innovative 
technologies can bring, but we also understand there are challenges 
associated with integrating these technologies. Utilities are required to 
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provide electricity at all times, 24 hours a day, seven days a week. State 
commissions and legislatures need to be able to determine the best way 
to proceed to ensure that the core responsibilities of reliability and 
affordability are maintained while taking into account state and regional 
differences. 

Change is here in the electric utility industry. With this comes 
innovation and enthusiasm, but also challenges at both the state and 
federal levels. States are working to determine which technologies work 
best for their ratepayers and the specifics of their respective systems. At 
NARUC, our members have passed resolutions recognizing numerous 
collaborative efforts between regulators, consumer advocates, utilities 
and other key stakeholders to address the potential for DG and other new 
technologies and the impact on the electricity grid. These dialogues are 
so Important as they allow all of us to better evaluate system-wide 
benefits and costs as use of these technologies continues to grow 
throughout the country. 

In addition, hearings such as this and ongoing discussions will help 
us all ensure that necessary consumer protections are maintained and 
that consumers of all types have the information needed as they consider 
whether to invest in DG and other technologies and services. It remains 
our responsibility to facilitate the continued provision of safe, reliable, 
resilient, secure, cost-effective, and environmentally sound energy 
services at fair and affordable rates as new and innovative technologies 
are added to the energy mix, and to engage fully and effectively at both 
the State and federal levels on technology policy considerations. 

As State utility regulators, part of our job, more so than in the past, 
is to help bring some certainty into this fast changing and uncertain 
dynamic, to ensure safety, reliability, customer affordability, 
environmental sustainability and financial viability. Our unique reality 
is that we have to regulate, in the public interest, for consumers, short 
term and long term, while our systems are in transformation. 
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Given our statutory responsibilities over the various components of 
the electric system, many of these decisions may best be made at the 
State level. NARUC and State Commissioners look forward to an open 
dialogue with Congress in an effort to better understand both the 
opportunities and the challenges presented by existing and future 
innovative grid technologies. 

Thank you again for your attention to these issues. 
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The Chairman. Thank you, Ms. Edgar. 

Thank you to all of the panelists this morning for your comments 
and for beginning what, I think, is going to be a very, very inter- 
esting discussion. 

Ms. Edgar, you summed it up there when you were talking about 
your responsibility as a state regulator to ensure the safety, reli- 
ability, customer affordability, environmental sustainability, and fi- 
nancial viability and do this all at the same time where every day 
you have to do the basic function of making sure that it happens. 
You have to be able to perform while at the same time you’re push- 
ing out and you’re really leading. 

Ms. Barton, you mentioned that we are the envy of the world 
with our grid and what we have, yet we are certainly not sitting 
still here every day. 

We are seeing advances that lead us to be able to do more, 
quicker, faster, and smarter. But this, I think, is our real challenge 
here, and I would like to propose to anybody that wants to jump 
in here. 

You have got, almost, a do no harm type of philosophy that you 
have to get up every morning with, while you’re pushing out at Ar- 
gonne with new technologies. Those that are implementing and in- 
tegrating need to make sure that you’re able to do so without being 
so out of the way that things don’t function anymore. 

The question I have is whether or not we can keep going at the 
rate that we are with the innovation and still keep the commitment 
to reliability, affordability, the financial security, and the environ- 
mental security. Is this sustainable? And I hope you say, yes. 
[Laughter]. Let’s start with you. Dr. Howard. 

Dr. Howard. Okay. The answer is absolutely yes. The hallmark 
of this industry has been innovation and implement that while at 
the same time you absolutely maintain affordability and reliability, 
and that is the keystone of this industry. 

The Chairman. What do you think is the biggest impediment to 
doing all of this? What is your anchor here? 

Dr. Howard. Well 

The Chairman. Your rock? 

Dr. Howard. We’re advancing technologies and that’s coming 
along. We need to continue to make investments in research so 
that we can continue to advance these technologies and many of 
which we talked about here today, power electronics, energy stor- 
age and reconductoring with advanced cables and so on. So there’s 
a variety of different technologies and we need to make sure we 
continue to lead in innovation, that we can implement these inno- 
vations at the regional level because what happens in one part of 
the country is going to be different in another part of the country. 
So there’s a lot of regionality issues. And we need to make sure 
that we continue to focus on not just an interconnected system 
which the system is now but an integrated system from end to end. 

These are very tough challenges, but I think it comes down to 
research, development and innovation that we’re so good at in this 
industry. 

The Chairman. So just in terms of keeping up as these new tech- 
nologies are being developed, being incorporated, you have your in- 
tegrated grid here. It’s being used in ways for which it was not ini- 
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tially designed. We have now recognized that you’ve got this flow 
both ways. 

Ms. Edgar, this is probably best directed to you so how do pricing 
mechanisms then need to be adjusted so the value that’s generated 
from both the grid and the distributed generation is captured? Be- 
cause if you’ve got a system that was in place and this is your base 
and you’ve got all these changes, is that keeping up with the tech- 
nology? 

Ms. Edgar. Thank you. Madam Chair, for the question. As you’re 
well aware, customers all across the country have invested a great 
deal of money, money from their utility bills, money from their 
monthly family bills, into the system that we have. A concern that 
I believe needs to be part of the discussion is that those customers 
continue to get value from those investments as we are integrating 
new technologies and new systems into the larger system. 

The Chairman. Are we getting that yet? 

Ms. Edgar. In some areas, yes and perhaps in some areas, less 
so. One of the discussions here today has been about how to maxi- 
mize efficiencies by using new technologies, and that’s an impor- 
tant balance in all of these discussions. As is how do we use tradi- 
tional rate making, innovative rate making, how do we attract in- 
vestment while giving good value to customers and continuing to 
have that reliable, resilient system? 

The Chairman. Senator Cantwell. 

Senator Cantwell. Thank you. Madam Chair. 

I think I am going to try to get three things in, since I don’t 
know what is going to happen with votes. 

Dr. Taft, could you tell us what you think the three federal prior- 
ities should be to accelerate the transition that’s already hap- 
pening? 

Dr. Littlewood, how far do you think we are from game changing 
storage? 

Ms. Edgar, isn’t the grid investment really part of our security? 
Ms. Barton mentioned it as well. 

When you talk about grid security or any security, it is always 
about hardening the targets and redundancy. And basically con- 
tinuing the development of smart grid gives us an incredible 
amount of redundancy, juxtaposed to some of the other ideas that 
are being talked about in other committees. Investing in smart grid 
will help us with our security. 

Dr. Taft. I’ll start. We need to be able to take advantage of the 
start we already have in adding instrumentation and measurement 
capability to the grid. A lot of work has already been done at the 
transmission level with the deployment of phasor measurement 
units. More work like that is being done at the distribution level. 
It produces enormous amounts of data. 

Going forward one of the things we need to do is be able to proc- 
ess that data to extract the useful information and connect that to 
decision and control. 

So it’s really a three step process: measure, analyze and then 
control. We need more advanced capabilities for that control includ- 
ing distributed control as well as centralized control, and for cer- 
tain key technologies like storage we need to continue driving the 
cost down so those become very practical. 
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Lastly, I’ll say because of the complexity and the growth in com- 
plexity we need better ways to look at and manage and understand 
that. 

We need architectural tools that help people. All kinds of stake- 
holders appreciate that you have this large tapestry and if you pull 
on the thread on one end something happens on the far edge. We 
see that in the New York REV process, for example, where they’re 
working with and struggling with all the complexities. So we need 
tools to help them visualize and understand the consequences of 
changes too. 

Senator Cantwell. Dr. Littlewood, how far away are we from 
game changing storage? 

Dr. Littlewood. Because game changing storage is really a re- 
search activity, it’s rather difficult to predict that. Let me first say 
that conventional storage technologies are improving slowly, a few 
percent a year, and have been doing so for a long time. Of course, 
if you project forward the time scale where they will have impact 
in this business it’s probably another 20 years at that rate. So it 
isn’t good enough. So that’s why, of course, there are some major 
research efforts sponsored by Department of Energy and other 
agencies of the government to try and break out of that. 

What I will say is that the space, intellectually, for being able 
to do that is very large. And I am confident that on some time 
scale, which unfortunately I can’t give you, we’ll make the discov- 
eries needed to get forward and do that. 

I would also say that there’s a point where you’re already begin- 
ning to see incorporation of storage within microgrids. I think the 
experiments that we’ll be doing in the United States where 
microgrids are gradually being introduced in various areas and we 
learn how to integrate storage, wind, solar, small scale energy gen- 
eration in rural areas will propel this much faster than it has been 
at the moment. 

Senator Cantwell. Thank you. 

Dr. Littlewood. I’m actually very bullish on this. I think there 
are great opportunities that will make a big difference. 

Senator Cantwell. Great. Thank you. Ms. Edgar, under 30. 

Ms. Edgar. Thank you. Senator Cantwell. Coming from Florida, 
clearly you can recognize that resiliency and redundancy are issues 
that are very important to us. When I first came to the Public 
Service Commission the issues that we were dealing with on a day 
to day basis were because over the course of two years Florida had 
eight hurricanes and two named storms hit our coastline and even 
into the central areas. We had areas of the state that had large 
outages, three, four, five times over the course of two years. 

That resiliency and redundancy is near and dear to the issues 
that we deal with. Changes with technology and incorporating new 
technology certainly will help us withstand cyber security risks, 
physical security risks, weather risks, but it also, as we make these 
changes, brings in new technology issues that need to be addressed. 
And one of the things, as a state regulator, that we want to do is 
make sure that no customer group is left behind and that there is 
transparency as we have the discussions about investment and cost 
allocation. 

Senator Cantwell. Thank you. 
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Ms. Edgar. Thank you. 

The Chairman. Senator Barrasso. 

Senator Barrasso. Thank you very much, Madam Chairman. 

Dr. Littlewood, in your testimony you state that our electric grid 
must be secure and resilient in the face of disruptive threats that 
range from natural disasters to terrorists attacks. You explain re- 
siliency research is a particular strength at the Argonne National 
Laboratory, and go on to say that Argonne and other labs have de- 
veloped the beginnings of a foundational key to secure the grid, the 
national power grid, simulator. The simulator would run virtual ex- 
periments to test potential vulnerabilities and to develop responses 
to various types of attacks. 

In January the Department of Energy’s Inspector General re- 
leased a report examining how FERC, the Federal Energy Regu- 
latory Commission, conducted a similar process. In 2013 former 
FERC Chairman, Jon Wellinghoff, directed FERC staff to identify 
critical electric substations by location. Chairman Wellinghoff also 
directed FERC staff to create failure scenarios to simulate the im- 
pact of the loss of these substations. The Chairman then decided 
to share this information with individuals and entities outside of 
the federal government. The Inspector General actually found that 
Chairman Wellinghoff made the decision to share the information 
without determining whether the information was classified and 
did so even though FERC staff expressed concern that the informa- 
tion, “could provide terrorists and other adversaries with data they 
might use to disable portions of the grid.” 

Now personally I find these actions deeply troubling, but I’m 
even more troubled that emails between the Chairman and FERC 
staff on this issue were missing from the Chairman’s email ac- 
count. 

I understand that Argonne National Laboratory handles sen- 
sitive information on a regular basis. What steps do you, as the Di- 
rector of Argonne, take to safeguard this information? 

Dr. Littlewood. Sir, Argonne has a prominent role, actually, in 
cyber security in a large number of areas, so we actually work very 
hard to make sure that all transactions like this are appropriately 
vetted and are not shared inappropriately. 

I share your concern. Senator, about the risks of potentially ad- 
vertising the vulnerabilities of our network. 

I also think that we need to work, in fact, to develop cyber secu- 
rity protocols for how the future grid will operate. And this is a 
very important part, a kind of hidden part, of making sure that any 
developments that we move forward with on the future grid are, 
in fact, robust against terrorist acts and terrorist intrusions and 
other such things. 

Senator Barrasso. One other thing. I noticed in your testimony 
you compare the electric grid with the interstate highway system. 

Dr. Littlewood. Right. 

Senator Barrasso. The comparison might suggest that Wash- 
ington should assume virtually all of the responsiMlity for funding 
the electric grid, but today the vast majority of investment for the 
electric grid actually comes from entities other than the federal 
government. Are you suggesting that the federal government be the 
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principle source of funding the electric grid or how do you view that 
whole thing? 

Dr. Littlewood. I certainly didn’t intend to suggest that, and 
it’s none of my business, actually, to decide what the federal gov- 
ernment should be doing in that area. I was simply pointing out 
the physical scale of the infrastructure. 

As I think I said earlier with regard to microgrids, one of the ad- 
vantages the United States has over much more centrally planned 
economies is the ability to do experiments and actually to develop 
infrastructure in a way that’s responsive to the market and enables 
us to take great advantage of the intellectual and scientific and en- 
gineering strengths that we have. 

So one of the challenges, I think, for the industry and we discuss 
this a great deal, is developing business models which are appro- 
priate to be able to deal with that. Notwithstanding as we’ve al- 
ready heard from EPRI something like $300 to $500 billion of in- 
vestment are expected to be required over the next 20 years. 

Senator Barrasso. Thank you. Thank you. Madam Chairman. 

The Chairman. Senator Warren. 

Senator Warren. Thank you. Madam Chair. 

Last month Energy Secretary Moniz came before this Committee 
to discuss the Department’s budget request, and during that hear- 
ing we had a chance to talk about the power grid and specifically 
how to make sure that the grid can reliably distribute electricity 
throughout the country. 

Well, our power grid has been reliable for so long that, for the 
most part, no one even thinks about it. The grid is aging. Much of 
the technology was developed by Thomas Edison and much of the 
structure was built shortly after World War II, and now this aging 
grid faces new challenges, particularly with the rise of extreme 
weather events that threaten to shut down parts of the grid during 
weather emergencies. 

During our earlier hearing. Secretary Moniz said that, “Distrib- 
uted generation and microgrids are themselves a resiliency tool,” 
meaning that in addition to the environmental benefits a power 
grid with more wind and more solar spread across multiple loca- 
tions can actually help protect against extreme weather. 

Dr. Littlewood, your testimony discusses how resiliency research 
is a specialty at Argonne National Laboratory which you run. Can 
you explain to us in more detail how it is that distributed genera- 
tion itself can produce system wide resiliency? 

Dr. Littlewood. Thank you very much. Senator. That’s a very 
prescient and precise question. 

The grid is a very complicated object, so even now when it’s 
being driven in a one-way mode it interacts in very complicated 
and very subtle ways. And actually we do not understand it. 

If you look at it as a basic principle of resilience, you look for in- 
dividual units that can continue to fight the war after the com- 
mand or control has somehow been taken out. So that’s one very 
basic principle about how you build a resilient network. It cannot 
be a single connected object. It has to be a web in the same way 
that the Internet is a web. So by having microgrids that can oper- 
ate independently but still communicate, you have the opportunity 
in the case of a natural disaster to be able to reroute energy 
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around affected areas to be able to make sure that the other infra- 
structure, which may be affected in the area of a natural disaster, 
is also not impacted. 

One of the dangers in major disasters, of course, is that you lose 
first the grid, then the Internet, then water, then the ability to dis- 
tribute many, many different kinds of things. And the very basic 
principles of resilience tell you that one monolithic big thing is a 
dangerous thing to be working with. 

So the other side of that, the need that actually my colleagues 
have commented on for the ability to model, understand and work 
the operation of the grid in real time. And so that’s the high level 
infrastructure which is necessary to monitor it, the sensors, the 
data, the integration, the high performance computing. 

Senator Warren. Thank you very much. 

The Energy Secretary and the technical experts at the Depart- 
ment are not the only folks who made this connection. A recent 
analysis from the World Bank showed that when there’s more di- 
versity of energy sources, including more renewable energy that’s 
connected to the grid, the grid becomes more resilient. Similarly a 
Massachusetts Climate Change Adaptation report from 2011 also 
recommended diversifying energy supplies as a strategy to make 
our system less prone to failures. 

Extreme weather events are on the rise. Every year these events 
stress the capacity of our power grid. If our technical experts are 
telling us that plugging more renewable energy into the system can 
help protect the grid in the face of these extreme weather threats, 
then we should make it a priority. Whatever you think about cli- 
mate change, we all have an interest in keeping the lights on. 
Thank you. 

The Chairman. Senator Risch. 

Senator Risch. Thank you. Madam Chair. 

Ms. Barton and Ms. Edgar, this question is for you. On the Intel- 
ligence Committee, we spend hours and hours and hours listening 
to and wringing our hands about the cyber threats. There’s a lot 
of us who are convinced that that’s going to be the next big one 
that hits the country. 

Can each of you please explain how this plays out in the real 
world? What challenges do you face in the real world dealing with 
this? Ms. Barton, why don’t you start with you? 

Ms. Barton. Certainly. The cyber threats are something that the 
utility industry takes extremely seriously. We have a number of 
people who basically sit behind a desk, 24/7, and monitor all of the 
threats that are going on, the attacks that are happening, whether 
it be through fishing attacks and so forth or direct attacks with re- 
spect to the system itself 

The ability of this industry to work with the federal government 
and other service providers has been outstanding in terms of being 
able to mitigate any threats. We have a number of people on our 
staff who have a secret clearance so they can get access to all kinds 
of different information. 

We have also paid a lot of attention with respect to physical se- 
curity and our control houses and making sure that they are much 
more resilient than they have been in the past. In the end system 
redundancy is diversity and redundancy are really at the heart of 
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reliability. So from a physical standpoint one of the things that we 
are doing is working with the RTOs who are responsible now for 
planning and determining what new transmission needs to be 
built, we are really encouraging them to take an accelerated view 
with respect to transmission investments so that the system itself 
can be more reliable by diversifying. 

Senator Risen. Thank you. I appreciate that, and it is interesting 
to hear you talk about your relationship with the federal govern- 
ment. As you know, we’re struggling with that when you have the 
issues of privacy versus the issues of what’s got to be done in order 
to stop this, so I appreciate your input on that. 

Ms. Edgar. 

Ms. Edgar. Thank you. Senator, and I’ll approach the question 
from perhaps a slightly different angle. 

First off, I will say that, again, the issues of cyber security are 
truly something that, as regulators, do keep us up at night. None 
of us wants to get that call from the governor that says, the system 
is down. Somebody has hacked it. What are you doing to fix it? 

However, I can tell you I recently attended a meeting that’s an 
ongoing collaborative effort between the Department of Energy, the 
Department of Homeland Security and EEL I found it to be a very 
progressive and very forward thinking collaborative effort between 
the private industry, state regulators and the federal agencies, so 
I can tell you that a lot is going on that should give us all reassur- 
ance. 

However, as a state regulator one of the things that we struggle 
with, again, is the cost. Because much of this information is and 
necessarily so, confidential, it is difficult when utilities come to us, 
as a state regulator and economic regulator, and we are asked to 
approve these investments and put them into the rate base, into 
the monthly bills of consumers. Yet, because of the security issues, 
we cannot really closely evaluate where that money is going and 
what for. That is something, at the state regulatory level, that is 
still a puzzle that we are needing to work through. 

Senator Risen. That’s interesting. I think most consumers really 
aren’t fully aware of the challenges the utilities face. We all take 
for granted when we flip the switch, the light goes on. And when 
that doesn’t happen, the reasons for it are complicated and could 
be a real danger to the security of the United States. So, thanks, 
thanks for all of that. 

My time is almost up. 

Dr. Taft, I’m aware of the Pacific Northwest smart grid dem- 
onstration project that you’re working on, and I have a couple of 
questions regarding that. Since my time is up and with respect to 
the other people, would it be alright if I submit those in writing 
and you could respond? 

Dr. Taft. Absolutely. We will be very happy to respond. 

Senator Risen. Thank you very much. Dr. Taft. I appreciate it. 

Senator Barrasso [presiding]. Thank you. Senator Risch. To 
members of the panel, we’re in the middle of roll call voting on the 
Floor of the Senate. You’ll see some of the Committee members 
leave and then come back. 

And with that. Senator Franken, you’re next. 
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Senator Franken. Thank you. I’m sorry. I’m going back and 
forth to the HELP Committee, health hearings. 

Dr. Howard, I like distributed energy, and I like distributed gen- 
eration. It makes our grid more resilient, allows critical infrastruc- 
ture, like hospitals and military bases and others, to stay online 
during an outage which is very important. That’s why I’ve always 
supported the increased deployment of things like combined heat 
and power and district energy, which we have in St. Paul, burns 
clippings and tree limbs and stuff like that then provides electricity 
for downtown St. Paul and heats and cools the buildings. So I like 
distributed energy. 

So I want to ask the panelists about another aspect of distributed 
energy and that’s grid scale storage. I apologize if this has been 
discussed already, but I think this is a real game changer because 
it will allow us to deploy renewables, more renewables, wind and 
solar, when needed. It will help stabilize the grid, and it will im- 
prove our resiliency by making sure that we have electricity avail- 
able on demand and in case of an outage. 

Can the panelists in the national labs please describe some of the 
recent advances in grid scale storage and what your visions are for 
deploying this technology in the future? 

Dr. Taft. So let me start. Senator Franken. One of the things 
that we have been doing is looking at storage both in terms of the 
core technology, the fundamentals of how the storage devices work, 
but also how they can be used as system components. And you 
mentioned grid scale storage in particular. The ability to use stor- 
age in multiple modes is one of the things that makes it most inter- 
esting. There are a variety of functions that it can supply that are 
useful to the grid, and unlike most components, storage can be 
used in multiple ways simultaneously. 

So one of the things that we have been working on is how you 
actually use that in a multi mode fashion because that helps 
spread the cost over more capabilities and make it more cost effec- 
tive. 

The reason that we think of storage, power electronics and ad- 
vance control as a new grid component is because of those new ca- 
pabilities and so many of them as opposed to other components 
that have one function. That’s why we think that will become a 
general purpose tool for buildings and grids of the future, and so 
we focus a lot on how to apply it as a system component. I’ll stop 
there and let my colleague take over. 

Dr. Littlewood. Thank you. I agree with those comments. Let 
me focus a little bit on the technology side of that. 

Since the need for grid scale storage has only recently emerged, 
it turns out that there’s a substantial vacuum in technology and 
science which is needed to support that. Unlike mobile storage 
which has been driven by the consumer electronics industry for the 
last few years, this is a recently emerging driver. And that’s one 
of the reasons that the DOE has been heavily investing in funda- 
mental research on the basic science to be able to do this with the 
main goal of taking prototypes that we already know and under- 
stand and have opportunities to work with and drive the cost down 
so that they are appropriate for the grid. 
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I actually think that on grid scale storage, at least electrical stor- 
age, we will make some very substantial advances within the next 
few years of driving costs down because this is an area which has 
been underexploited for quite some time. 

Senator Franken. I agree, and I’m glad you’re doing this. 

Let me ask about like electric vehicle storage. I mean, there you 
have like at night, wind blows, wind. Electric vehicles can store at 
night. Drive, less gas. Then during the day the sun is shining so 
we get solar, and what are the benefits of this approach in terms 
of reducing our carbon emissions? 

Dr. Littlewood. I think they’re actually very substantial over 
the long term. 

In the short term, it actually involves getting, you know, the 
electric vehicles to a stage where they are widely adopted. And 
that’s largely, again, a matter of cost in it, cost to do this. 

Senator Franken. Right. 

Dr. Littlewood. It also involves, I think, doing experiments 
with microgrids because this is the first opportunity to do so. 

I think there are big opportunities in rural areas and there are 
big opportunities in certain subdivisions to design microgrids that 
are able to take solar, wind and electrical storage and use them ef- 
fectively. I think a number of utilities are actually exploring models 
by which they can introduce those and that involves developing 
new business models which go along with the technologies as 
they’re being invented. 

Senator Franken. I know I’m out of time, but this is exploding. 
I mean, this is happening faster than anyone could have conceived. 
If you look at the explosion in cell phones and think about that 
technology and think about what we’re going to be doing with all 
of this stuff. This is a revolution, right? And it’s good, right? Except 
for Ms. Barton, right? It’s good for you too? 

Ms. Barton. Diversity in the generation portfolio is always a 
good thing. 

Senator Franken. Okay, good. I’m sorry I went over my time. 

Senator Barrasso. Thank you. Senator Franken. Senator 
Daines. 

Senator Daines. Thank you, and thanks for holding this hearing 
today. 

I represent the State of Montana. Certainly innovation and reli- 
ability in the electric grid is an important topic for our consumers 
back home. And thank you for what the witnesses have relayed 
today regarding the challenges that the modern electric grid faces. 

But too often the change in generation sources is brought by mis- 
guided federal policies. And somebody from a state like Montana 
we have truly an all of the above energy portfolio. The sun shines 
a lot. The wind blows a lot. We have an abundance of coal, oil, nat- 
ural gas and hydro, but Montana consumers rely on over half of 
their electrical supply from coal. Montanans are severely concerned 
about the impacts of the EPA’s regulation on their energy prices, 
transmission capacity, grid reliability and the very jobs that de- 
pend on coal production in Montana. 

The Crow Tribe, for example, their unemployment rate today is 
50 percent. If we lost the coal mining jobs on the Crow Reservation, 
their unemployment rate goes to somewhere north of 80 percent. 
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The tax revenue of coal production in Montana is $118 million 
a year. That is how we fund our infrastructure, our teachers and 
our schools. These proposed EPA clean power plant rules could 
threaten operations at Colstrip. 

In fact it threatens coal-fired plants in other states like Michi- 
gan. In fact it’s coal for Montana that powers those plants in Michi- 
gan, that supplies electricity for the auto manufacturing industry 
there in Detroit. 

My questions surround the impact of clean power plan on elec- 
tricity reliability. 

Ms. Barton, Nick Akins, the CEO of American Electric Power, 
has been outspoken on grid reliability. About a year ago he stated 
in testimony before this very Committee that the country, “dodged 
a cannonball during the polar vortex.” He also reiterated a point 
he made a month earlier that AEP used 89 percent of generation 
that will retire in 2015 to meet electricity demand during the polar 
vortex. 

My question is this. Will the EPA 11 ID rule on existing power 
plants impact conventional sources of electricity like coal? And if 
so, how will that impact grid reliability? 

Ms. Barton. Thank you. Will the EPA 11 ID impact conventional 
generating units? Yes, it will. 

One of the things that we have been doing is we have been 
studying the grid, in particular, studying the PJM system, to really 
understand and appreciate the impact of what some of these retire- 
ments are. I think it’s important to note that when you talk about 
the grid, the grid is the combination of the generation, trans- 
mission and distribution system that is there in a given area. The 
grid in New York City is very different from the grid in Montana, 
the grid in Texas and so forth. And so it’s very important that we 
appreciate the inner workings of the grid in those regional areas. 

PJM, for example, has actually recently done a study and it has 
gotten some news attention. And that is an economic study. An eco- 
nomic study really is just looking to determine is there a sufficient 
amount of generation on the system. Their next stage is to look at 
a load flow analysis. The load flow analysis really looks at can you 
get power from that generation to your load centers. In that recent 
analysis there are basically five load pockets that did not have 
enough import capability in a post 11 ID world, to be able to func- 
tion reliably. 

So when you look at the impacts of really any government initia- 
tive, whether it be lllD or what have you, it’s important to take 
a step back and really take a look at the reliability of the grid. We 
have incredible modeling technology. We have folks who basically 
are station operators who are looking at the system and appre- 
ciating what needs to happen to keep the system reliable at any 
given moment. 

We then have a number of regional transmission planners who 
are looking at that system ten years into the future, five years into 
the future. What you end up having in some of these situations is 
a chicken and egg situation. You need to first identify well, what 
generation is retiring? Where is it retiring? What then changes are 
necessary with respect to the transmission grid to be able to main- 
tain the reliable and stable system we have today? 
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Senator Daines. Thanks for your insights into the supply chain. 

I appreciate that. 

Commissioner Edgar, similarly, do the federal regulations like 

II ID help your Commission create certainty or do these regula- 
tions create uncertainty for consumers? 

Ms. Edgar. Certainly. Thank you. Senator. 

Well at this point there is great uncertainty. As you’re well 
aware, we are in the stage of, still in the stage of rulemaking or 
EPA is still in the rulemaking stage. Many, many discussions have 
occurred about what the proposed rule really means, what it re- 
quires, what costs will come from the changes that it may or may 
not require? But of course, it’s still a proposed rule at this point 
in time. 

And consumers, regulators, states and industries are continuing 
to make investment decisions in order to meet the needs of cus- 
tomers, short term and long term, not knowing what the final rule 
is going to be or even once it comes out what the implementation 
processes will be. So yes, there is certainly uncertainty now as that 
process moves forward. 

Senator Daines. Thank you. 

Ms. Edgar. Thank you. 

The Chairman [presiding]. Thank you. Senator Daines. 

You will see that members have fled for the votes, but they are 
on their way back. So as members come in I will turn to them, but 
let me ask another series of questions here. 

I mentioned in my opening comments my interest in the poten- 
tial that we have for microgrids and recognizing, as you pointed 
out, Ms. Barton, that there are great differences region to region 
and that’s why there can’t be a one size fits all application when 
it comes to our energy sources and how our grid functions here. 

Dr. Littlewood, what kind of coordination goes on with our na- 
tional labs and what the states are doing or even more locally? For 
instance, in a very small village in the Southwestern part of Alas- 
ka, not connected by road, there’s a village by the name of 
Kongiganak, with their own little microgrid between three wind 
turbines, a battery storage unit and small heating units within 
homes which is perfect for them. They’ve really pioneered much of 
what they have provided for their community of several hundred. 

How much coordination goes on between the labs and then what 
we’re seeing within the states, whether through our universities or 
just from those that, by necessity, are pulling together these very 
small microgrids? 

Dr. Littlewood. So one of the things that the labs are doing is 
trying to develop test beds that can be used for communities to do 
virtual experiments within the lab system to be able to design sys- 
tems that could be exported to be used in small communities. 

So I’ll mention a program at the NREL, National Renewable En- 
ergy Lab, which is ESIF which actually provides a kind of basic 
test bed. There’s similar work been going on at PNNL and at Ar- 
gonne and at many of the labs. 

So, of course what we can’t do always is to connect with indi- 
vidual communities one by one, but we do work quite closely with 
a view, to get a view, both from regulators or from within indi- 
vidual states with those states running those kind of experiments. 
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I think the labs would say that they would, in fact, benefit from 
the attention coming from states who have particular problems and 
particular issues that they want to solve. For example, I think my 
colleagues would be interested to come and study while it’s actually 
going on on the ground. And we do, in many places, like can’t 
vouch for the fact that we’ve been to a particular village in Alaska, 
although I’m sure that there are some pretty creative ideas which 
are on the ground there already. 

The Chairman. I think it would be helpful for all of us to have 
a better understanding in terms of what is happening in some pret- 
ty unique situations, because of necessity in so many of these 
areas, and then integrating that with our brilliant minds that we 
have in our laboratories. 

Dr. Taft, you had mentioned four technologies that are key to 
modernizing the grid. And this is a sensing and data analysis, high 
voltage power electronics, fast and flexible bulk energy storage and 
then the advanced planning and control methods and tools. Which 
of these is most readily deployable? And as we are moving toward 
this modernization, of these four, where’s our biggest challenge? So 
what can we do to deploy quickly? And again, what’s our drag 
here? 

Dr. Taft. The utilities have had an opportunity recently to ex- 
pand their capability to make measurement, especially at the 
transmission level, some at the distribution level. More is coming. 

So we’re at the point of needing to be able to manage and ana- 
lyze that data. And just to give you a sense of how much more data 
we’re talking about, an ordinary utility in the past might collect up 
enough data to fill up a book like a Tale of Two Cities, once every 
second. And what we’re looking at now in the future is being able 
to fill up a book like War and Peace, 846 times a second. 

So the need there is to be able to sift through all of that data 
and get the useful information and then act upon it. That’s an im- 
mediate need because the sensor capability is coming online. The 
tools to do that in other industries exist but the tools to do it in 
the utility industry are somewhat lagging. So we need that. We 
need it immediately. We also need advanced controls. 

And you talked about microgrids. You know, when we did the 
grid architecture work for DOE last year we looked at microgrids 
as a specific example, looked at NRCA work in that area because 
that more distributed architecture has lessons for us to learn. And 
so we started to gather that kind of information and make use of 
it and think about that in terms of how we would go forward. 

The control systems for all of that are an area where we need 
considerable work. And there’s a lag there because the industry 
doesn’t invest a lot in research. They can’t do a lot in research. So 
the vendors see a thin market and there’s a nice role for the federal 
government to do the key development and demonstration of that 
capability so that it moves forward. 

The storage technologies are moving forward commercially, but 
there’s a great deal to be done to drive the costs down to make 
them more effective and to make them flexible. 

So all four of those technologies are, kind of, in the same place 
in a sense of there’s not one that’s way ahead of the other as we, 
kind of, need all four. But that’s why I talked about them as a 
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group. That we need to advance all of those together and when you 
put together the power of electronic storage and control, in par- 
ticular, you get this remarkably flexible tool that can be applied at 
the microgrid level, at the bulk system level, even at the individual 
building level, for example, if you think of a building as acting like 
a microgrid on its own. 

It’s imperative that we move those forward because they have so 
much flexibility to help us deal with all of these variations, fluctua- 
tions and complexity that we’re faced with going forward. 

The Chairman. Thank you. 

Dr. Howard, you have said that a consumer with distributed en- 
ergy resources is not necessarily a self-sufficient energy consumer. 
Talk a little bit about that because I think you have folks that 
think, well, wait a minute. I’ve got solar. I’ve got panels on my 
home, and I’m seeing those benefits. I am a self-sufficient energy 
consumer. 

You say that they are not necessarily so. Speak to that and what 
would it take for an energy consumer to really become completely 
self-sufficient? 

Dr. Howard. Okay. The answer to that question really gets to 
the issue of capacity and energy. A consumer that has, for example, 
solar PV, may at certain times have excess energy that is being 
produced. But when they don’t have that excess energy they need 
to tap into the grid. And at that point they hope that the capacity 
is available to get access to that energy that they need. 

And so it’s really a two way street. And that’s why it’s important 
going forward that we really understand that a lot of these dif- 
ferent technologies may be rich in energy, but you need to also tap 
into the power system to get access to that capacity that’s needed 
so that when the sun doesn’t shine, they have electricity now. 

The Chairman. But hope doesn’t necessarily 

Dr. Howard. That’s right. 

The Chairman [continuing]. Get you to the reliability 

Dr. Howard. That’s right. 

The Chairman [continuing]. Piece of it, so 

Dr. Howard. That’s right. So you need devices that we referred 
to here like smart inverters or power electronics. You need sensors. 
Also energy storage can play a very important role in helping to 
certainly end those times when the sun isn’t shining then you can 
either use energy storage or the biggest energy storage device is 
the grid itself and tap back into the grid to get the electricity that 
you need. 

So it all has to work together. But as we look forward I think 
there’s a whole new approach that we need to think about, not just 
energy, but also making sure that we have the capacity available 
at every single minute to provide the energy that’s needed. 

The Chairman. Well, let’s talk about the capacity here. And you 
used the term capacity related costs because in my opening state- 
ment I, kind of, teased and said I wanted to know what’s our time 
line for development here and what are those costs. 

I’m pretty sure that Senator Cantwell used the same number 
that I did that we’re looking at a cumulative investment of between 
$300 and $500 billion over the next 20 years to really modernize 
our grid here. 
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When we’re talking about this capacity related cost is this the 
number that we’re talking about here? 

Dr. Howard. Yeah, yeah, that’s right. We, EPRI, did a report in 
2011, and it’s called “Estimating the Costs and Benefits of the Fu- 
ture Grid.” I will make sure that that report is available for this 
Committee. 

The Chairman. Okay. 

[The information referred to follows:] 
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Abstract 


llie present electric power delivery infrastructure was not designed to 
meet the increased demands of a restructured electricity marketplace, 
the energy needs of a digital society, or the increased use and 
variability of renewable power production. As a result, there is a 
national imperative to upgrade the current power delivery system to 
the higher performance levels required to support continued 
economic growth and to improve productivity to compete 
internationally. To these ends, the Smart Grid integrates and 
enhances other necessary elements including traditional upgrades and 
new grid technologies with renewable generation, storage, increased 
consumer participation, sensors, communications and computational 
ability. According to the Energ)”^ Independence and Security Act of 
2007, the Smart Grid will be designed to ensure high levels of 
security, quality, reliability, and availability of electric power; improve 
economic productivity and quality of life; and minimize 
environmental impact while maximizing safety. Characterized by a 
two-way flow of electricity and information between utilities and 
consumers, the Smart Grid will deliver real-time information and 
enable the near-instantaneous balance of supply (capacity) and 
demand at the device level. 


The primary goal of this report, which is a partial update to an earlier 
report (EPRI 1011001), is to initiate a stakeholder discussion 
regarding the investment needed to create a viable Smart Grid. To 
meet this goal, the report documents the methodology, key 
assumptions, and results of a preliminary quantitative estimate of the 
required investment. At first glance, it may appear the most obvious 
change from the 2004 report is the significant increase in projected 
costs associated with building the smart grid. In actuality, the 
increased costs arc a reflection of a newer, more advanced vision for 
the smart grid. The concept of the base requirements for the smart 
grid is significantly more expansive today than it was seven years ago, 
and those changes are reflected in this report. 
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Section 1 : Executive Summary 

This report documents the methodology, key assumptions, and results of a 
quantitative evaluation of the investment needed (costs) for an envisioned Smart 
Grid, and it represents a partial update to an earlier EPRI report (EPRI TR- 
1011001). It also offers a preliminary' estimate of benefits of implementing a 
Smart Grid. This report is a framework for discussing possible levels of 
investment to achieve a fully functioning Smart Grid. It is not a definitive 
analy'sis of all attributes or costs of enhancing the power deBvery system. 

What is the Smart Grid? 

The Smart Grid as defined here is based upon the descriptions found in the 
Energy Independence and Security Act of 2007. The term “Smart Grid” refers to 
a modernization of the electricity delivery system so that it monitors, protects, 
and automatically optimizes the operation of its interconnected elements - from 
the central and distributed generator through the high-voltage transmission 
network and the distribution system, to industrial users and building automation 
systems, to energy storage installations, and to end-use consumers and their 
thermostats, electric vehicles, appliances, and other household devices. 

Background 

The present electric power delivery infrastructure was not designed to meet the 
needs of a restructured electricity marketplace, the increasing demands of a 
digital society, or the increased use of renewable power production. In addition, 
investments in expansion and maintenance are constantly being challenged, and 
the existing infrastructure has become vulnerable to various security threats. 

Figure 1-1 illustrates today’s power system. As shown, it is primarily comprised 
of large central-station generation connected by a high voltage network or Grid 
to local electric distribution systems which, in turn, serve homes, business and 
industry. In todays power system, electricity flows predominantly in one 
direction using mechanical controls. 
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Figure 1-1 

Today's Power System 

Figure 1~2 illustrates the elements which wiU be part of a fiilly functional Smart 
Grid. The Smart Grid still depends on the support of large central-station 
generation, but it includes a substantial number of installations of electric energ)^ 
storage and of renewable energy generation facilities, both at the bulk power 
system level and distributed throughout. In addition, the Smart Grid has greatly 
enhanced sensory and control capability configured to accommodate these 
distributed resources as well as electric vehicles, direct consumer participation in 
energy management and efficient communicating appliances. This Smart Grid is 
hardened against cyber security while assuring long-term operations of an 
extremely complex system of millions of nodes. 



Figure 1-2 

Tomorrow's Power System: A Smart Grid 

As a result, there is a national imperative to modernize and enhance the power 
delivery system. The Smart Grid is envisioned to provide the enhancements to 
ensure high levels of security, quality, reliability, and availability (SQ|^) of 
electric power; to improve economic productivity and quality of life; and to 
minimize environmental impact while maximizing safety and sustainability. The 
Smart Grid will be characterized by pervasively collaborative distributed 
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intelligence, including fleidbie wide band gap communication, dynamic sharing 
of all intelligent electronic devices and distributed command and control. 
Achieving this vision will require careful policy formulation, accelerated 
infrastructure investment, and greater commitment to public/private research, 
development, and demonstration (RDScD) to overcome barriers and 
vulnerabilities. 

Previous Studies 

Pre\dous EPRI studies have estimated both the costs and benefits of a Smart 
Grid. According to an earlier study, “The Power Delivery System of the Future,” 
the Smart Grid would require $165 billion in net investment (over and above 
investment for load growth and that needed to maintain reliability), and lead to a 
benefit-to-cost ratio of 4:1 (EPRI 1011001). 

The Smart Grid, combined vrith a portfolio of generation and end-use options, 
could reduce 2030 overall CO 2 emissions from the electric sector by 58% relative 
to 2005 emissions (EPRI 1020389). A Smart Grid would be capable of providing 
a significant contribution to the national goals of energy and carbon savings. One 
EPRI report (EPRI 1016905) estimated the emissions reduction impact of a 
Smart Grid at 60 to 211 million metric tons of CO 2 per year in 2030. 

Other EPRI studies have estimated the cost of power disturbances across all 
business sectors in the U.S. at between $104 billion and $164 billion a year as a 
result of outages and another $15 biEion to $24 biUion due to power quality (PQ) 
phenomena (EPRI 1006274). The cost of a massive blackout is estimated to be 
about $10 bihion per event as described in EPRl’s “Final Report on the August 
14, 2003 Blackout in the United States and Canada.” 

Purpose and Scope 

The purpose of this study is to inform the public debate on the investment 
needed to create a fully functioning Smart Grid. For each key portion of the 
overall task, the project team selected methods based on the availability of 
credible information and the need to conduct a cost-effective and time-efficient 
study. The resulting estimates of costs remain highly uncertain and open to 
debate. This report is viewed as a starting point for discussion of possible levels of 
investment to bring the current power delivery system to the higher performance 
levels required for a Smart Grid. 

In addition to welcoming and encouraging comments on this report, EPRI 
invites the participation of energy companies, universities, government and 
regulatory agencies, technology companies, associations, public advocacy 
organizations, and other interested parties throughout the world in refining the 
vision for the Smart Grid. Only through collaboration can the resources and 
commitment be marshaled to achieve the vision. 
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Summary of Results 

Over and above the investment to meet electric load growth, Table 1-1 shows 
that the estimated investment needed to realize the envisioned power delivery 
system (PDS) of the future is between $338 and $476 billion. The total value 
estimate range of between $1,294 and $2,028 billion; and when compared to the 
Future PDS cost estimate results in a benefit-to-cost ratio range of 2.8 to 6.0. 
Thus, based on the underlying assumptions, this comparison shows that the 
benefits of the envisioned Future PDS significantly outweigh the costs. At first 
glance, it may appear the most obvious change from the 2004 report (EPRI 
1011001) is the significant increase in projected costs associated with building 
the smart grid. In actuality, the increased costs are a reflection of a newer, more 
advanced vision for the smart grid. The concept of the base requirements for the 
smart grid is signiricantly more expansive today than it was seven years ago, and 
those changes are reflected in this report. The project team has made every effort 
to capture a reasonable send-state of the Smart Grid in this report, rather than 
creating a snap shot that will change in another six or seven years. 

Table 

Summary of Estimated Cost and Benefits of the Smart Grid 



Net Investment Required 338 - 476 

Net Benefit 1,294-2,028 

Benefit-to-Cost Ratio 2.8 - 6.0 


This indicates an investment level of between $17 and $24 billion per year will be 
required over the next 20 years. The costs cover a wide variety of enhancements 
to bring the power delivery system to the performance levels required for a Smart 
Grid. The costs include the infrastructure to integrate distributed energy 
resources (DER) and to achieve full customer connectivity, but exclude the cost 
of generation, the cost of transmission expansion to add renewables and to meet 
load growth, and a category of customer costs for smart-grid ready appliances and 
devices. Table 1-2 lists major components of the total cost. As highlighted in the 
body of the report, the wide range in these estimates reflects the uncertainty the 
industry currently faces in estimating these costs and the possible reductions 
which may or may not occur over time. 

Smart Grid Costs 

Included in the estimates of the investment needed to realize the Smart Grid, 
there are estimated expenditures needed to meet load growth and to enable large- 
scale renewable power production. As part of these expenditures, the components 
of the expanded power system will need to be compatible with the Smart Grid. 
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Table h2 

Total Smart Grid Costs 


Costs Id 

ill]f hinelioning Smart Gr 

id ($M) 


Low 

High 

Transmission and substations 

82,046 

90,413 

Distribution 

231,960 

339,409 

Consumer 

23,672 

46,368 

! Total 

337,678 

476,190 



Substations 

Figure 1-3 

Total Smart Grid Costs 

Table 1-3 summarizes one attempt to portray the consumer implications of the 
EPRI estimate of Smart Grid costs. 

In this table, the Smart Grid costs are allocated to classes by energy (which are 
often what a regulatory body would mandate in the case of a regulated utility) 
and then calculated in several ways: (1) total Smart Grid cost divided by the 
number of customers for each class (a one-time payment proxy); (2) total cost per 
customer per year by class for 10 years for a 10-year amortization of the Smart 
Grid cost (in nominal, not present value, terms); and (3) the monthly equivalent 


< 1-5 > 



135 


of the annual amortized cost. Finally, for the last value, the EPRI team calculated 
the corresponding percentage increase in the average customer monthly bill. 

In practice, more complex cost allocation methods might well be applied that 
would shift cost among the class. This calculation assumes that the Smart Grid 
costs are equalized over customers across the country. However, the Smart Grid 
cost per costumer is likely to vary considerably, and therefore, the total estimated 
Smart Grid cost maybe more concentrated in some areas, which would raise 
their cost per customer in those areas and reduce it elsewhere. These costs are 
modest when compared to the benefits the Smart Grid will yield. However, the 
challenge for all of those in the electricity sector will be communicating that the 
Smart Grid is indeed a good investment. 


< 



136 






vP 

0^ 

X 

00 

00 

9 


d 

X 


*“ 


0^ 


$ 



3 

00 

0^ 


« -H 


o 

CO CN 


c 

© O 
_Q o 

e o 

3 (N 


£ "5 


o 

^ o 
o 


7- O 


>o </> 


e 


in 

CO in S® 
o ^ K 
H. b. o 


O 3 

il 


O 

o 

o 


o 


o 


5 O 

P CO 
<( 

^ LU 

® s 

o 2 
E '*' 
o 

I: o o 

^ CN p 
O I- 

— 03 


*^3 0 

^ “D U 

I 

Q .5 I 

-■ t: o 

0 (J 

1 ^ 

S 8?5 


=' Q 



< 1-7 > 



137 


Smart Grid Benefits 

The benefits of the Smart Grid are numerous and stem from a variety of 
functional elements which include cost reduction, enhanced reliability, improved 
power quality, increased national productivity and enhanced electricity service, 
among others. Table 1-4 and Figure 1-4 summarize these benefits. In general 
terms, the Smart Grid will assure that consumers are provided with reliable, high 
quality digital-grade power, increased electricity-related services and an improved 
environment. The Smart Grid vriE allow the benefits resulting from the rapid 
growth of renewable power generation and storage as well as the increased use of 
electric vehicles to become available to consumers. Without the development of 
the Smart Grid, the full value of a lot of individual technologies like Electric 
Vehicles, Electric Energy Storage, Demand Response, Distributed Resources, 
and large central station Renewables such as wind and solar will not be fuUy 
realized. 

As detailed in Chapter 2, the benefits of the Smart Grid include: 

■ AEows Direct Participation by Consumers. The smart grid consumer is 
informed, modifying the way they use and purchase electricity. They have 
choices, incentives, and disincentives. 

■ Accommodates aE Generation and Storage Options. The Smart Grid 
accommodates all generation and storage options. 

■ Enables New Products, Services, and Markets. The Smart Grid enables a 
market system that provides cost-benefit tradeoffs to consumers by creating 
opportunities to bid for competing services. 

■ Provides Power QuaEty for the Digital Economy. The Smart Grid provides 
reliable power that is relatively interruption-free. 

■ Optimizes Asset Utilization and Operational Efficiently. The Smart Grid 
optimizes assets and operates efficiently. 

■ Anticipates and Responds to System Disturbances (Self-heal). The Smart 
Grid independently identifies and reacts to system disturbances and performs 
mitigation efforts to correct them. 

■ Operates ResiEently against Attack and Natural Disaster. The Smart Grid 
resists attacks on both the ph)^ical infrastructure (substations, poles, 
transformers, etc.) and the cyber-structure (markets, systems, software, 
communications). 
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Table )-4 

Estimated Benefits of the Smart Grid 


NetPrasMiiWortfi 
AHribule (2010) SB 

Low High 

Producfivity 

1 

1 

Safety 

13 

13 

Environment 

102 

390 

Capacity 

299 

393 

Cost 

330 

475 

Quality 

42 

86 

Quality of Life 

74 

74 

Security 

152 

152 

Reliability 

281 

444 

Total 

1294 

2028 



Low 

Total » S1294 


□ Silely 

■ Envronnvnt 
B Capacity 
BCosI 

0 Ouatty 

□ QuaHy of U« 

■ SecuritY 
0 Rcl:abi1ity 



Q Safety 
* environment 
O Capacity 
a Coat 
<3 Quality 

□ Qtial^y of t.ife 
8 Sackirity 

□ Relia bility 


Figure 1-4 

Estimated Benefits of the Smart Grid ($ in billions) 

Cyber Security 

Concern has arisen recently regarding the security of an information technolog)' 
regime which would be integral with tomorrow’s grid. Electric utilities have been 
incorporating cyber security features into their operations since the early 2000s. 
In recent years as the Smart Grid became increasingly popular, cyber security 
concerns have increased signiricantly. While there have to date been few reliable 
reports of cyber attacks on power sj^tems, there is a great deal of concern that as 
the grid becomes smarter and more interactive, disruption of the reliability of 
U.S. electricity supply will become easier. 
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Cyber security is an essential element of the Smart Grid. It involves the 
protection needed to ensure the confidentiality and integrity of the digital overlay 
which is part of the Smart Grid. 

The project team estimates for proper cyber security protection are included in 
the preceding estimates. An investment of approximately $3,729 million will be 
needed for the Smart Grid in addition to a related investment in information 
technology of approximately $32,258 million. 
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Section 2: Introduction 

Smart Grid Vision 

This section contains a definition of Smart Grid, an outline of benefits, Smart 
Grid characteristics, and challenges as contained in EPRl’s report to the National 
Institute of Science and Technology (NIST). The vision is presented as it 
appeared in EPRl’s report to NIST (EPRI, 2009). 

What is the Smart Grid? 

The Smart Grid definition is based upon the description found in the Energy 
Independence and Security Act of 2007. The term “Smart Grid” refers to a 
modernization of the electricity delivery system so it monitors, protects and 
automatically optimizes the operation of its interconnected elements - from the 
central and distributed generator through the high-voltage network and 
distribution system, to industrial users and building automation systems, to 
energy storage installations and to end-use consumers including their 
thermostats, electric vehicles, appliances and other household devices. 

The Smart Grid will be characterized by a two-way flow of electricity and 
information to create an automated, widely distributed energy delivery network. 

It incorporates into the grid the benefits of distributed computing and 
communications to deliver real-time information and to enable the near- 
instantaneous balance of supply and demand at the device level. 

Smart Grid Characteristics: Drivers and Opportunities 

The definition of the Smart Grid builds on the work done in EPRI’s InteUiGrid 
Program (intelligrid.epri.com), in the Modern Grid Initiative (MGI) (NETL, 
2007), and in the GridWise Architectural Council (GWAC) (gridwise.org). 
These considerable efforts have developed and articulated the vision statements, 
architectural principles, barriers, benefits, technologies and applications, policies, 
and the frameworks that help define the Smart Grid. 

Smart Grid Bene^ifs 

Smart Grid benefits can be categorized into 5 types; 

■ Power reliability and power quality. The Smart Grid provides a reliable 
power supply with fewer and briefer outages, “cleaner” power, and self- 
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healing power systems, through the use of digital information, automated 
control, and autonomous systems, 

■ Safety and cyber security benefits. The Smart Grid continuously monitors 
itself to detect unsafe or insecure situations that could detract from its high 
reliability and safe operation. Higher cyber security is built in to all systems 
and operations including physical plant monitoring, cyber security, and 
privacy protection of dl users and customers. 

■ Energy efficiency benefits. The Smart Grid is more efficient, providing 
reduced total energy use, reduced peak demand, reduced energy losses, and 
the ability to induce end-users to reduce electricity use instead of rel}ang 
upon new generation. 

■ Environmental and conservation benefits. The Smart Grid facilitates an 
improved environment. It helps reduce greenhouse gases (GHG) and other 
pollutants by reducing generation from inefficient energy sources, supports 
renewable energy sources, and enables the replacement of gasoline-powered 
vehicles with plug-in electric vehicles. 

■ Direct financial benefits. The Smart Grid offers direct economic benefits. 
Operations costs are reduced or avoided. Customers have pricing choices and 
access to energy information. Entrepreneurs accelerate technology 
introduction into the generation, distribution, storage, and coordination of 
energy. 

Stakeholder Benefits 

The benefits from the Smart Grid can be categorized by the three primary 
stakeholder groups: 

■ Consumers. Consumers can balance their energy consumption with the 
real-time supply of energy. Variable pricing will provide consumer incentives 
to install their own infrastructure that supports the Smart Grid. Smart grid 
information infrastructure will support additional services not available today. 

■ Utilities. Utilities can provide more reliable energy, particularly during 
challenging emergency conditions, while managing their costs more 
effectively through efficiency and information. 

■ Society. Society benefits from more reliable power for governmental services, 
businesses, and consumers sensitive to power outage. Renewable energy, 
increased efficiencies, and Plug-In Electric Vehicle (PEV) support will 
reduce environmental costs, including carbon footprint. 

A benefit to any one of these stakeholders can in turn benefit the others. Those 
benefits that reduce costs for utilities lower prices, or prevent price increases, to 
customers. Lower costs and decreased infrastructure requirements enhance the 
value of electricity to consumers. Reduced costs increase economic activity which 
benefits society. Societal benefits of the Smart Grid can be indirect and hard to 
quantify, but cannot be overlooked. 
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Other stakeholders also benefit from the Smart Grid. Regulators can benefit 
from the transparency and audit-ability of Smart Grid information. Vendors and 
integrators benefit from business and product opportunities around Smart Grid 
components and ^tems. 

Modern Grid Initiative Smart Grid Characteristics 

For the context of this section, characteristics are defined as prominent attributes, 
behaviors, or features that help distinguish the grid as “smart”. The MGI 
developed a list of seven behavioj^ that define the Smart Grid. Those working in 
each area of the Smart Grid can evaluate their work by reference to these 
behaviors. These behaviors match those defined by similar initiatives and 
workgroups. 



* Enable active participation by 
consumers 

* >4cco/nmodateaNgeReration 
and storage options 

* Enable new products, services, 
and marked 

* Prov/de power quality for 8ie 
digital economy 

' Optimize asset utilizadon and 
operate efficientiy 

* Anticipate t respondto system 
disturbances (self-heal) 

* Operate resiiientiy against 
attack and natural disaster 


Figure 2- 1 

MGI's Principle Characteristics are Part of Their Smart Grid System Vision for 

A^eosuringf Success (Source: EPRI Report to NIST, 2009) 

The behaviors of the Smart Grid as defined by MGI are: 

■ Enable Active Participation by Consumers. The Smart Grid motivates and 
includes customers, who are an integral part of the electric power system. 
The smart grid consumer is informed, modifying the way they use and 
purchase electricity. They have choices, incentives, and disincentives to 
modify their purchasing patterns and behavior. These choices help drive new 
technologies and markete. 

■ Accommodate All Generation and Storage Options. The Smart Grid 
accommodates all generation and storage options. It supports large, 
centralized power plants as well as Distributed Energy Resources (DER). 
DER may include system aggregators with an array of generation systems or 
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a farmer with a windmill and some solar panels. The same is true of storage, 
and as storage technologies mature, they will be an integral part of the overall 
Smart Grid solution set. 

■ Enable New Product, Services, and Markets. The Smart Grid enables a 
market system that provides cost-benefit tradeoffs to consumers by creating 
opportunities to bid for competing services. As much as possible, regulators, 
aggregators and operators, and consumers can modify the rules of business to 
create opportunity against market conditions. A flexible, rugged market 
infrastructure exists to ensure continuous electric service and reliability, while 
also providing revenue or cost reduction opportunities for market 
participants. Innovative products and services provide party vendors 
opportunities to create market penetration opportunities and consumers with 
choices and clev'er tools for managing their electricity costs and usage. 

■ ProAude Power Quality for the Digital Economy. The Smart Grid provides 
reliable power that is relatively interruption-free. The power is “clean” and 
disturbances are minimal. Our global competitiveness demands relatively 
fault-free operation of the digital devices that power the productivity of our 
2T' century economy. 

■ Optimize Asset Utilization and Operate Efficiently. The Smart Grid 
optimizes assets and operates efficiently. It applies current technologies to 
ensure the best use of assets. Assets operate and integrate well with other 
assets to maximize operational efficiency and reduce costs. Routine 
maintenance and self-health regulating abilities allow assets to operate longer 
with less human interaction. 

■ Anticipate and Respond to System Disturbances [Autonomously] (Self- 
heal). The Smart Grid independently identifies and reacts to system 
disturbances and performs mitigation efforts to correct them. It incorporates 
an engineering design that enables problems to be isolated, analyzed, and 
restored with little or no human interaction. It performs continuous 
predictive analysis to detect existing and future problems and initiate 
corrective actions. It will react quickly to electricity losses and optimize 
restoration exercises. 

■ Operate Resiliently against Attack and Natural Disaster. The Smart Grid 
resists attacks on both the physical infrastructure (substations, poles, 
transformers, etc.) and the cyber-structure (markets, systems, software, 
communications). Sensors, cameras, automated switches, and intelligence are 
built into the infrastructure to observe, react, and alert when threats are 
recognized within the system. The system is resilient and incorporates self- 
healing technologies to resist and react to natural disasters. Constant 
monitoring and self-testing are conducted against the system to mitigate 
malware and hackers. 

Smart Grid Challenges 

The Smart Grid poses many procedural and technical challenges as we migrate 

from the current grid with its one-way power flows from central generation to 

dispersed loads, toward a new grid with two-way power flows, two-way and peer- 


< 24 > 



144 


to-peer customer interactions, distributed generation, distributed intelligence, 
command and control. These challenges cannot be taken lightly; the Smart Grid 
wiU entail a fundamentally different paradigm for energy generation, delivery, 
and use. 

Procedural Challenges 

It the short term it will be useful to prioritize the challenges that the Smart Grid 
needs to overcome first as a foundation for what is to come. The industry should 
collaborate to segregate the challenges into buckets to test a h)'pothesis under 
which to move forward or so that addressing these challenges becomes more 
manageable. To address this problem, EPRI is working with several members 
to develop roadmaps for achieving the promise of the Smart Grid including the 
necessar}'- decision trees, off ramps and schedules. These are expected to become 
available during 2011. The procedural challenges to the migration to a smart 
grid are enormous, and all need to be met as the Smart Grid evolves: 

■ Broad Set of Stakeholders. The Smart Grid will affect every person and 
every business in the United States. Although not every person will 
participate directly in the development of the Smart Grid, the need to 
understand and address the requirements of all these stakeholders will require 
significant efforts by utilities, system operators, third party electricity service 
providers and consumers themselves. 

■ Complexity of the Smart Grid. The Smart Grid is a vastly complex machine, 
with some parts racing at the speed of light. Some aspects of the Smart Grid 
will be sensitive to human response and interaction, while others need 
instantaneous, intelligent and automated responses. The smart grid will be 
driven by forces ranging from financial pressures to environmental 
requirements. 

■ Transition to Smart Grid. The transition to the Smart Grid will be lengthy. 
It is impossible (and unwise) to advocate that all the existing equipment and 
systems to be ripped out and replaced at once. The smart grid supports 
gradual transition and long coexistence of diverse technologies, not only as 
we transition from the legacy systems and equipment of today, but as we 
move to those of tomorrow. We must design to avoid unnecessary expenses 
and unwarranted decreases in reliability, safety, or cyber security. 

■ Ensuring Cyber Security of Systems. Every aspect of the Smart Grid must be 
secure. Cyber security technologies and compliance with standards alone are 
not enough to achieve secure operations without policies, on-going risk 
as.sessment, and training. The development of these human-focused 
procedures takes time— and needs to take time — to ensure that they are done 
correctly. 

■ Consensus on Standards. Standards are built on the consensus of many 
stakeholders over time; mandating technologies can appear to be an adequate 
short cut. Consensus-based standards deliver better results over. 

■ Development and Support of Standards. The open process of developing a 
standard benefits from the expertise and insights of a broad constituency. 
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The work is challenging and time consuming but yields results more 
reflective of a broad group of stakeholders, rather than the narrow interests of 
a particular stakeholder group. Ongoing engagement by user groups and 
other organizations enables standards to meet broader evolving needs beyond 
those of industry stakeholders. Both activities are essential to the 
development of strong standards. 

■ Research and Development. The smart grid is an evolving goal; we cannot 
know all that the Smart Grid is or can do. The smart grid will demand 
continuing R6cD to assess the evolving benefits and costs, and to anticipate 
the evolving requirements, 

■ Having a Critical Mass. It is unclear to the EPRI project team if the Smart 
Grid implementation is subject to considerations like those of critical mass 
needed, tipping points and penetration of implementation. There is some 
concern that early efforts must yield benefits in order to gather support for 
the development. That support may not accrue until a critical number of 
consumers are on board with the concepts. If everything the industry does in 
building the Smart Grid is amenable to a slow diffusion model for evolution 
as opposed to undertaking some elements in a concentrated way, those 
benefits may not be revealed quickly enough. 

Technical Challenges to Achieving the Smart Grid 

Technical challenges include the following: 

■ Smart Equipment. Smart equipment refers to all field equipment which is 
computer-based or microprocessor-based, including controllers, remote 
terminal units (RTUs), and intelligent electronic devices (lEDs). It includes 
the actual power equipment, such as switches, capacitor banks, or breakers. It 
also refers to the equipment inside homes, buildings and industrial facilities. 
This embedded computing equipment must be robust to handle future 
applications for many years without being replaced. 

■ Communication Systems. Communication systems refer to the media and to 
the developing communication protocols. These technologies are in various 
stages of maturity. The smart grid must be robust enough to accommodate 
new media as they emerge from the communications industries, while 
preserving interoperable, secured systems. 

■ Data Management. Data management refers to all aspects of collecting, 
analyzing, storing, and providing data to users and applications, including the 
issues of data identification, validation, accuracy, updating, time-tagging, 
consistency across databases, etc. Data management methods which work 
well for small amounts of data often fail or become too burdensome for large 
amounts of data — and distribution automation and customer information 
generate lots of data. Data management is among the most time-consuming 
and difficult task in many of the functions and must be addressed in a way 
that can scale to immense size. 

■ Cyber Security. Cyber security addresses the prevention of damage to, 
unauthorized use of, exploitation of, and, if needed, the restoration of 
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electronic information and communications systems and services (and the 
information contained therein) to ensure confidentiality, integrity, and 
availability. 

■ Information/Data Privaq^. The protection and stewardship of privacy is a 
significant concern in a widely interconnected system of systems that is 
represented by the Smart Grid. Additionally, care must be taken to ensure 
that access to information is not an all or nothing at all choice since various 
stakeholders will have differing rights to information from the Smart Grid. 

■ Software Applicatior^. Software applications refer to programs, algorithms, 
calculations, and data analysis. Applications range from low level control 
algorithms to massive transaction processing. Application requirements are 
becoming more sophisticated to solve increasingly complex problems, are 
demanding ever more accurate and timely data, and must deliver results more 
quickly and accurately. Software engineering at this scale and rigor is still 
emerging as a discipline. Software applications are at the core of every 
function and node of the Smart Grid. 


Smart Grid Networking 


The Smart Grid is a network of networks, including power, communications and 
intelligence. That is, many networks with various traditional ownership and 
management boundaries are interconnected to provide end-to-end services 
between stakeholders and in and among intelligent electronic devices (lEDs). 



Figure 2-2 

Smart Grid Networks for Information Exchange (Source: EPRl Report to NIST, 
2009} 

Figure 2-2 is a high level view of the information network for the Smart Grid. It 
handles the two-way communication between the network end points residing in 
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their respective domains. By domain, we mean the unique distributed computing 
environments in which communicating end points can be found (see next 
section). Thus, any domain application could communicate with any other 
domain application via the information network, subject to the necessary network 
access restrictions and quality of service requirements. 

The applications in each domain are the end points of the network as shown on 
the top and bottom of Figure 2-2. For example, an application in the Customer 
domain could be a smart meter at the customer premise; an application in the 
Transmission domain could be a phasor measurement unit (PMU) unit on a 
transmission line or in a Distribution domain at a substation; an application in 
the Operation domain could be a computer or display system at the operation 
center. Each of these applications has a physical communication link with the 
network. The smaller clouds within the network represent sub-networks that 
may be implementing unique functionality. The networking function in the 
Operations, Market, Service Provider domains may not be easily differentiated 
from normal information processing networks; therefore no unique clouds are 
illustrated. 

This information network may consist of multiple interconnected networks as 
shown in Figure 2-2, where two backbone networks, A and B are illustrated. The 
physical links within these two networks and between the network and the 
network end points could utilize any appropriate communication technology 
currently available or yet to be developed. 

Additional requirements for the information network are as follows: 

■ Management functionality for network status monitoring, fault detection, 
isolation, and recovery, 

■ Secure protocols to protect Smart Grid information in transit and 
authenticate infrastructure components, 

■ Cyber security countermeasures, 

■ Addressing capability to entities in the network and devices attached to it, 

■ Routing capability to all network end points, 

■ Quality of service support for a wide range of applications with different 
latency and loss requirements. 

The Smart Grid Conceptual Model 

The Smart Grid Conceptual Model is a diagram and description that are the 
basis for discussing the characteristics, uses, behavior, interfaces, requirements 
and standards of the Smart Grid. This does not represent the final architecture of 
the Smart Grid; rather it is a tool for describing, discussing, and developing that 
architecture. The conceptual model provides a context for analysis of 
interoperation and standards, both for the rest of this document, and for the 
development of the architectures of the Smart Grid. The top level of the 
conceptual model is shown in Figure 2-3, 
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Conceptual Model 



Secure Communication Intertaee 
Electrical Interface 


Domain 


Figure 2-3 

Smart Grid Cor^ceptual Model - Top Level (Source: EPRf Report to NIST, 2009) 

The conceptual model consists of several domains, each of which contains many 

applications and actors that are connected by associations, which have interfaces at 

each end; 

■ Actors may be devices, computer systems or software programs and/or the 
organizations that own them. Actors have the capability to make decisions 
and exchange information with other actors through interfaces. 

■ Applications are the tasks performed by the actors within the domains. Some 
applications are performed by a single actor, others by several actors working 
together. 

■ Domains group actors to discover the commonalities that will define the 
interfaces. In general, actors in the same domain have similar objectives. 
Communications within the same domain may have similar characteristics 
and requirements. Domains may contain other domains. 

■ Associations are logical connections between actors that establish bilateral 
relationships. At each end of an association is an interface to an actor. 

■ Interfaces show either electrical connections or communications connections. 
In the diagram, electrical interfaces are shown as yellow lines and the 
communications interfaces are shown in blue. Each of these interfaces may 
be bi-directional. Communications interfaces represent an information 
exchange between two domains and the actors within; they do not represent 
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physical connections. They represent logical connections in the smart grid 
information network interconnecting various domains (as shown in Figure 
2 - 2 ). 


The domains of the Smart Grid are listed briefly in Table 2~1 and discussed in 
more detail in the sections that follow. In Figure 2-3, domains are shown as 
clouds. 

Table 2-1 


Domains in the Smart Grid Conceptual Model 



Customers The end users of electricity. May also generate, store, 


and manage the use of energy. Traditionally, three 
customer types are discussed, each with its own domain: 
home, commercial/building, and industrial. 

Markets The operators and participants in electricity markets 

Service Providers The organizations providing services to electrical 

customers and utilities 

Operations The managers of the movement of electricity 

Bulk Generation The generators of electricity in bulk quantities. May also 

store energy for later distribution. 

Transmission The carriers of bulk electricity over long distances. May 

also store and generate electricity. 

Distribution The distributors of electricity to end from customers. May 

also store and generate electricity. 

It is important to note that domains are NOT organizations. For instance, an 
ISO or RTO may have actors in both the Markets and Operations domains. 
Similarly, a distribution utility is not entirely contained within the Distribution 
domain - it is likely to also contain actors in the Operations domain, such as a 
Distribution Management System, and in the Customer domain, such as meters 

Additional Challenges 

Work Force Issues 

The utility work force is undergoing a significant challenge. One-half of the 
500,000 to 600,000 utility workers will be eligible to retire in the next five years. 
They need to be replaced with a trained and motivated work force. Introducing 
Smart Grid technologies requires employees with different skills to support the 
implementation, maintenance, and operation of the systems with digital 
components. Accomplishing this when it is already difficult to get highly skilled 
employees with technical experience will be challenging. In addition, these 
staffing requirements must be met at the same time as utilities reduce their work 
forces in order to hold the line on costs (Lave, 2007.) This report includes the 
labor costs associated with installation of Smart Grid devices and software as well 
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as the differential maintenance. However, it does not include costs for a 
workforce which ^nerally has different skills involving more expertise in digital 
devices and communications. 

Outage management systems can be used to save costs associated with incorrect 
outage reports by verifying power outages at customer facilities. (PECO 
estimates that it avoided 7,500 crew dispatches in 2005 because it was able to see 
that the customer-reported outage was inaccurate (PECO, 2006). 

Regulatory Challenges to Achieving the Smart Grid 

Smart Grid technologies offer unprecedented challenges to regulators in 
encouraging and adjudicating decisions regarding Smart Grid investments. 

Power systems have largely operated without “smart” technology for decades. In 
fact, many power systems operate at 99.999% reliability at the bulk transmission 
level. As long as reliability levels have been maintained (the lights were still on) 
and costs were low (rates have been essentially flat for decades), it is conceptually 
difficult to understand how a basket of digital-based technologies can improve 
the current value of todays power system. 

New regulatory and business models are being considered which would offer a 
greater incentive for utilities to engage in energy efficiency. In some cases, they 
may be faced with reducing rates as part of seeking approval for Smart Grid 
investments and, subsequendy, losing revenue. Regulated utilities are increasingly 
embracing energy-efficiency measures on the distribution system or those 
involving end-use customers. 

An additional regulatory challenge is to understand the incremental value of 
Smart Grid investments. Often, for logical reasons, Smart Grid technologies are 
implemented in stages, with each stage requiring a business plan for regulators to 
approve. However, the benefits of many of the Smart Grid efforts come from the 
synergistic applications of a portfolio of Smart Grid technologies. 

This issue was summarized nicely by the Illinois Commerce Commission in a 
recent report (ISSGC, 2010): 

“The issue of smart grid cost recovery has been a matter of controversy 
and litigation for several years. Disagreements exist about whether 
recovery of a utility’s smart grid costs should be restricted to the 
‘traditional’ rate-base method, or whether a ‘non-traditional’ method 
(e.g., ‘rider’ recovery) should be used. 

Some stakeholders are concerned that utility proposals for cost recover)'^ 
of smart grid investments would lead to significantly higher monthly bills 
and a shift in the risk of investment from utilities to ratepayers. Others 
believe that non-traditional cost recovery would be essential to accelerate 
deployment of smart grid technologies.” 
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Finally, regulators and utilities are accustomed to utility asset life in the range of 
30 to 50 years and business plans and rate cases for regulated utilities are typically 
based on that supposition. When digital equipment is involved - particularly at 
the early stages of evolution — the depreciation rates for a significant amount of 
capital investment maybe 5 to 15 years. Appropriate depreciation rates must be 
allowed in order to pay for asset renewal without increasing costs more than 
necessary. 

In short, a forward view of technology must be embraced by utilities and 
regulators in order for the Smart Grid to be successful. 

Drivers of Smart Grid investment 

A wide variety of policies and economic trends have begun to stimulate and drive 
U.S. investment in Smart Grid technology, including: 

■ The Energy Independence and Security Act (EISA) of 2007 established 
national policy^ for grid modernization, created new federal committees, 
defined their roles and responsibilities, and provided incentives for 
investment. 

■ The American Recovery and Reinvestment Act of 2009 provided more than 
$3.4 billion in stimulus funding for Smart Grid technology development and 
demonstration, plus $615 for Smart Grid storage. In October, 2009, 100 
Smart Grid Investment Grants were awarded. These were 50/50 matching 
grants over a three-year period leading to an inftision of $7 to $8 billion in 
Smart Grid investments that are specifically targeted at projects that can be 
emulated by others. 

■ Renewable portfolio standards have been established in 30 states plus the 
District of Columbia stimulating rapid expansion of renewable technology 
and accelerating the need for Smart Grid technology for grid integration. 
EPRI’s Prism analysis anticipates 135 GW of renewables by 2030 (EPRI 
1020389). A number of states have also enacted policies to address specific 
environmental concerns. 

■ Smart Grid interoperability standards, called for by the EISA, moved 
forward with NIST’s release in September, 2009, of a roadmap for 
interoperability standards. NIST’s efforts were aided by EPRI’s draft interim 
roadmap report released in August, 2009. While not a driver of Smart Grid 
investment of itself, these recommended standards facilitate Smart Grid 
deployment. 

■ Critical Infrastructure Protection (CIP) Cyber Security Standards, 
maintained by the North American Electric Reliability Corporation (NERC) 
and approved by the Federal Energ)' Regulatory' Commission (FERC) in 
2006, are intended to ensure the protection of the critical cyber assets that 
control or effect the reliability' of North America’s bulk electric systems. The 
CIP Cyber Security Standards are mandatory and enforceable across all users, 
owners, and operators of the bulk power system (LogRhythm, 2009). 
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Demand response programs have accelerated. The Federal Energy 
Regulatory Commission’s (FERC’s) 2008 Demand Response (DR) and 
Automated Metering Infrastructure (AMI) Survey indicated that advanced 
metering penetration reached 4,7% of total meters, up from less than 1% in 

2006, and that 8% of U,S. customers were currently involved in DR 
programs. DR continues to gain ground through state legislative initiatives 
and utility regulation. FERC’s '‘A National Assessment of Demand 
Response Potential - Staff Report” in June 2009 and FERC’s staff report 
“National Action Plan on Demand Response” in June 2010 highlight the 
potential (FERC, 2009 and 2010). 

Market demand for Smart Grid technologies has drawn the interest of many 
major information technology companies, from Cisco and Intel, to Google, 
IBM, and Microsoft which want to participate in one of the most attractive 
business opportunities of the future. The Smart Grid is viewed as the market 
equivalent of the Internet in terms of its trillion-dollar potential worldwide. 

It is the enabling infrastructure for the accelerated deployment of electric 
vehicles and plug-in hybrid electric vehicles. In addition, consumers will a 
driving force in shaping the nature of tomorrow’s Smart Grid technologies as 
they respond to evolving offerings by equipment providers. 

Venture capital is also entering the Smart Grid domain in a large way, 
promising to bring faster and more concentrated technical innovation in the 
areas of Automated Metering Infrastructure (AMI), communications and 
network technologies. More than $1 billion in VC funding has been 
extended to key startups, typified by GridPoint and Silver Spring Networks 
(Green tech media, 2010). 

Smart Grid roadmaps are being developed by many electric utilities to 
optimize their investment strategy going forward. Objectives and starting 
points vary from company to company, and the optimal pathway difficult to 
assess. EPRI has been working with SCE, FirstEnergy, and SRP, among 
others, to create roadmaps for Smart Grid investment. What is critical today 
is reliable data on benefits from Smart Grid demonstrations. Every effort 
must be made to measure the actual benefits realized through Smart Grid 
demonstrations as projects are deployed. 

National transmission corridors have been identified. The Energy Policy Act 
of 2005 authorized the DOE to conduct national electric transmission 
congestion studies and to designate National Corridors if appropriate. In 

2007, DOE designated a Mid-Atlantic National Corridor and a Southwest 
Area National Corridor (DOE, 2007). 

Outage prevention becomes increasingly important in an information- 
service-based economy. There have been five major blackouts in the last 40 
years, three of which occurred in the last decade. The Northeast blackout of 
2003 resulted in an estimated $7 to SIO billion in losses to the region. Less 
disruptive but more pervasive power quality problems are estimated to now 
cost the U.S. S119 to $188 billion per year (EPRI 1006274). 
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Previous Studies by EPRI 

EPRI has been involved in collaborative, electricity-based innovation in what is 
now called the Smart Grid since the mid-1980s. EPRI has acted as the catalyst 
for a process of engagement and consensus building among diverse parties within 
and outside the electricity enterprise. This effort continues. 

Previous EPRI studies have estimated both the costs and benefits of a Smart 

Grid. 

■ According to a 2004 study, “The Power Delivery System of the Future” will 
require $165 billion in net investment (over and above investment for load 
growth and correcting deficiencies), and lead to a benefit-to-cost ratio of 4:1. 
Benefits accrue from: 

Reduced energy losses and more efficient electrical generation. 

Reduced transmission congestion. 

Improved power quality. 

Reduced environmental impact. 

Improved U.S. competitiveness, resulting in lower prices for all U.S. 
products and greater U.S. job creation. 

Fuller utilization of grid assets. 

More targeted and efficient grid maintenance programs. 

Fewer equipment failures. 

Increased security through deterrence of organized attacks on the grid. 
Improved tolerance to natural disasters. 

Improved public and worker safety. 

■ EPRI studies show the annual cost of power disturbances to the U.S. 
economy ranges between $119 and $188 billion per year (EPRI 1006274). 
The societal cost of a massive blackout is estimated to be in the order of $10 
billion per event as described in a report published by the North American 
Electric Reliability Corporation titled “Final Report on the August 14, 2003 
Blackout in the United States and Canada” (NERC, 2004) 

■ The Smart Grid is capable of providing a significant contribution to the 
national goals of energ}' and carbon savings, as documented in two recent 
reports. 

One report by EPRI states that the emissions reduction impact of a 
Smart Grid is estimated at 60 to 211 million metric tons of C02 per year 
in 2030. 

Another report by Pacific Northwest National Laboratory'^ (PNNL) 
states that full implementation of Smart Grid technologies is expected to 
achieve a 12% reduction in electricity consumption and C02 emissions 
in 2030. 

■ And in another report, EPRI estimated that the Smart Grid, combined with 
a portfolio of generation and end-use options, could reduce 2030 annual CO 2 
emissions from the electric sector bv 58% relative to 2005 emissions (EPRI 
100389). 
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EPRI Demonstrations 

EPRFs Smart Grid Demonstration initiative involves a number of ongoing 
projects to demonstrate the potential for integrating distributed power 
generation, storage, and demand response technology into “virtual power plants.” 
Demonstrations include both utility side and customer side technologies, and are 
intended to address the challenges of integrating distributed Energy resources 
(DER) in grid and market operations, as well as in system planning. The 
program addresses key industry chaEenges, such as: 

■ Demonstrating effective ways of integrating different forms of distributed 
resources. 

■ Demonstrating multiple levels of integration and interoperability among 
various components. 

■ Exploring existing and emerging information and communication 
technologies. 

The demonstrations are taking place at a number of U.S. locations and will 
include a variety of feeder constructions, climate zones, and technologies. 
Individual demonstrations are focused on the integration of specific feeder types 
used in residential neighborhoods, in a mixture of residential and commercial 
customers, and in areas with mostly commercial customers. 

Purpose of this Report 

The primary purpose of this report is to initiate a discussion and debate of the 
investment needed to create a viable Smart Grid. To meet this objective, this 
report documents the methodology, key assumptions, and results of a preliminary 
quantitative estimate of the needed investment (cost). The report is a starting 
point intended to encourage further stakeholder discussion of this topic. 

The complexity of the power delivery system and the wide range of potential 
technology applications and configurations to enhance its performance 
complicate the process of quantitatively estimating the needed investment In 
addition, due to the various types of information available, complexity of subparts 
of the analysis, and uncertainties associated with estimating techniques, no single 
approach can be applied to ail portions of the evaluation. Nevertheless, the debate 
over the appropriate level of power delivery system investment cannot be 
advanced without some preliminary estimate of costs. Hence, for each key 
portion of the overall task, the project team selected methods based on the 
availability of credible information and the need to conduct a cost-effective and 
time-efficient study. The resulting estimates of costs are highly uncertain and 
open to debate. 

In this report, EPRI will only address the aggregate cost of the Smart Grid. A 
separate study has been launched to thoroughly assess the benefits. However, a 
preliminary update of benefits is included in Section 4. 
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Why Did rhe Smart Grid Cost Estimates Change? 

There are a number of reasons these estimates changed so dramatically since 
EPR] last estimated the potential costs of the Smart Gird. First, these changes 
are due in part to inflation and increasing component costs. Second, they are due 
to a considerable expansion in the functionality now envisioned in tomorrow’s 
Smart Grid. Table 2-2 highlights these changes. 

Table 2-2 

Major Elements of Functionality Added to the Smart Grid 


Element 

Preneusljr Indiidad 

Added Benefits 

Demand Response 

None 

Reduced need for generation 
capacity. 

Reduced demand for 
electricity. 

Facilitating Renewables 

None 

Reduced environmental impact 
of electricity generation. 

Piug-ln Electric Vehicles 
or Plug-In Hybrid Electric 
Vehicles [PEVsj 

None 

Reduced environment impact 
from displaced fossil fuels. 

Grid support (increased 
system flexibility/onciilory 
services). 

Energy Efficiency 

Cost reduction. 

Reduced need for T&D. 
Reduced environmental 
impact. 

Reduced need for generation 
capacity. 

Enhanced Energy 
Efficiency* (additional 
energy efficiency} 

None 

Reduced costs. 

Reduced environmental 
impact. 

AMI 

None 

AMI-reloted cost reductions. 

Distributed Generation 

None 

Reduced need for central 
generating capacity. 

Storage 

None 

Capacity. 

Reliability and power quality. 
O&M. 

Congestion management. 


* Enhanced Energy Efficiency includes: 

■ Continuous Commissioning of Large Commercial Buildings 

■ Direct Feedback on Energy Usage 

• Energy Savings Corresponding to Peak Load Management 

■ Energy Savings Corresponding to Enhanced M&V Capability 
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Section 3: Approach 

The project team separated the power delivery system into distinct functional 
areas, and made a number of assumptions about technology development, 
deployment, and cost over the study period (2010-2030). These assumptions are 
covered at a high level in this section, and then covered in greater detail for each 
of the 25 cost components of the four main technolog)’^ sections of the report - 
transmission, substations, distribution and customers. 

What Constitutes the Power Delivery System? 

The power delivery system includes the busbar located at the generating plant 
(where the power delivery system begins) and extends to the energy-consuming 
device or appliance at the end user. This means that the power delivery system 
encompasses generation step-up transformers; the generation switchyard; 
transmission substations, lines, and equipment; distribution substations, lines, 
and equipment; intelligent electronic devices; communications; distributed 
energy resources located at end users; power quality mitigation devices and 
uninterruptible power supplies; sensors; energy storage devices; and other 
equipment. 

Inadequacies in the power delivery system are manifested in the form of poor 
reliability, excessive occurrences of degraded power quality, vulnerability to 
mischief or terrorist attack, the inability to integrate renewables, and the inability 
to provide enhanced services to consumers. 

What Differentiates Smart Grid Enhancement? 

Meeting the energy' requirements of society will require the application across the 
entire power delivery s)^tem of a combination of current and advanced 
technologies, including but not limited to the following; 

■ Automation: the heart of a "smart power delivery system.” 

■ Communication architecture: the foundation of the power delivery system of 
the future and the enabler of Smart Grid integration. 

■ Distributed energy resources and storage development and integration. 

■ Power electronics-based controllers and widely dispersed sensors throughout 
the delivery system. 

■ An advanced metering infrastructure. 
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■ A consumer por^ that connects consumers and their equipment with energy 
services and communications entities. 

■ Power market tools - information systems which enable fluid wholesale 
power markets. 

■ Technology innovation in electricity use. 

■ Appliances and devices which are demand-response ready. 

Developing an optimal combination of these technologies will require a 
significant, sustained RD&D investment. Making such an investment in a 
critical industry like the U.S. electric power industry is not unprecedented. 

Study Steps 

To conduct a preliminary quantitative estimate of the level of investment needed 
over the next 20 years, the project team first separated the core technologies into 
four broad areas: transmission, substations, distribution and the customer 
interface. Next, the team subdivided the estimating process into the following 
segments: 

■ Meeting load growth and correcting deficiencies \da equipment installation, 
upgrading, and replacement to accommodate new customers (new connects), 
to meet the increasing energy needs of existing customers as their load grows, 
and to correct deficiencies (e.g., correct power flow bottlenecks and limit 
high-fault currents that damage critical grid equipment). 

■ The Smart Grid: The project team estimated the investment needed to 
develop and deploy advanced technologies needed to enhance the 
functionality of the power delivery system to achieve the level of a Smart 
Grid. 

The first segment represents investments required to maintain adequate capacity 
and functioning of the existing power delivery system, while the second segment 
is the additional cost to elevate this system to that of a Smart Grid. 

Key Assumptions 

The cost estimate was built upon a number of key assumptions: 

■ Incorporate technologies that not only make the electricity delivery system 
smarter, but also stronger, more resilient, adaptive, and self-healing. 

■ Include every reasonable and cost-effective enhancement to accommodate 
regulatory mandates: 

Consistent with the functionality requirements of the Energy 

Independence and Security Act (EISA) of 2007. 

Meets reasonable cost-benefit assessment. 
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Meets North American Electric Reliability Corporation (NERC) 
reliability standards, mainlining or enhancing today’s reliability levels (1 
day in 10 years loss of load probability or LOLP). 

Meets System Average Duration Interruption and System Average 
Interruption Frequency (SADI/SAFI) state guidelines normally suggest 
100 minutes SADi/SAFI and power quality (PQ) events to remain at 
today’s levels or to improve. 

Meets performance rate-making targets. 

Meets requirement of future renewable portfolio standards (RPS). 

Incorporate technology and policies that enhance Smart Grid functionality 
while meeting load growth, expanding and modernizing the power delivery 
system. 

Enable a fully functional power delivery system 
Enable consumer connectivity and service enhancement 
Enable integration of distributed energy resources 

Accommodate expansion of renewable energy resources consistent with 
PRISM and other EPRI scenarios, and affords the possibility of meeting 
DOE targets for wind. 

EPRI Prism estimates 135GW of renewables by 2030 

doe’s aggressive target for wind-20% by 2030 seems increasingly 
plausible. 

The Energy Information Agency’s Annual Energy Outlook 2010 projects 
that the annual growth rate in electricity for the period 2008 to 2035 is 
projected to be 1.0%. This is as a result of “structural changes in economy- 
higher prices - standards - improved efficiency” (EIA, 2009). EPRI 
estimates that the programs and activities which are part of the Smart Grid 
as envisioned in this report have the potential to reduce this growth rate to 
0.68% per year. In addition, EPRI estimates that peak demand’s growth rate 
will be 0.53% per year (EPRI 1016987). These growth rates were used in 
assumptions about the increasing needs for assets to serve consumers. 

Assume simultaneous deployment of Smart Grid functionality. While 
deployments will realistically be made along parallel paths and in discrete 
steps, this study assumes they will occur simultaneously and continuously. 

Assume steady rate of deployment. Deployments are assumed to begin in 
2010. Deployment of most technologies will be made at a rate of l/20th of 
the maximum assumed penetration each year over the 20-year period. 
Enhancement and modernization will continue after 2030. 

The Smart Grid will never be finished. It will continue to evolve 
organically, not as a step function and not as a “revolution,” but as new 
technology becomes available, practicable and reliable. 
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The investigators recognize that investments in Smart Grid will not be 
made linearly over 20 years, or necessarily even within 20, and will not be 
uniformly distributed around the country. 

■ Total power delivery investment costs will exceed Smart Grid investments. 
They will include investments to meet load growth and to maintain 
reliability. 

■ Technology costs are likely to decrease while performance levels increase in 
unforeseen, and possibly dramatic, ways over the next 20 years. Reasonable 
estimates have been made, but they are likely to prove conservative given the 
rapid pace of technological advances. Historically, massive technology 
advances such as implied by the Smart Grid are invariably driven by a single 
breakthrough innovation. Smart Grids don’t have just one; instead they have 
a wide range of ideas - some at the pilot or even experimental stage. In some 
sense, communications, control, and computational ability is one such set of 
breakthroughs. However, other advances in storage, power electronics, and 
sensors are still needed to complete the mosaic this report paints. 

■ Appropriately consider operating and maintenance (O&M) costs associated 
with running utilities which deploy Smart Grid technologies. O&JVl 
expenses are a substantial part of total costs and are built into rates at 
estimated levels. The IT and technology OSdVI aspects of the Smart Grid 
need to be included in cost estimates. 

■ As the smart grid evolves communications networks will become more 
ubiquitous and multi-purpose. Utilities may use commercial carriers to 
provide these networks or they may build out their own networks using 
dedicated spectrum, share spectrum dedicated to public safety or use 
unlicensed spectrum. Cost varies significantly for each approach. For this 
study we have assessed the overall cost for communications networks and 
have allocated it to the various domains and smart grid applications. 

Smart Grid Costs are Particularly Hard to Estimate 

Smart Grids are by their nature difficult to estimate for several reasons: 

■ They frequently involve the integration of digital technology - Sometimes 
virtually embedded transmission and distribution assets have different failure 
rates and life expectancy than the majority of today’s grid technologies. These 
failures and resultant replacement rates must be estimated. Utilizing a reliable 
component, like a substation transformer, with a 40-year design life and 
incorporating an information technology with 10, 15 or 20 life forces careful 
consideration of the costs to upgrade the embedded components. 

■ The obsolescence of digital technolog)'^ is rapid. Increasingly complex and 
expanding communications and computational ability makes it possible to 
render Smart Grid components obsolete or inoperable with respect to the 
rest of the information and communications technology (ICT) system well 
before the end of their life. Therefore, reasonable replacement costs must be 
estimated. 
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■ The improvement in Smart Grid technologies and projected decreases in 
their costs will occur at a greater rate than “conventional” technology. 

• Uncertainty in performance — Many Smart Grid technologies are relatively 
new and unproven. If their performance is marginal or degrades unexpectedly 
over time, the entire business plan for the technology could be undermined. 

■ Smart Grid component costs are declining rapidly. As these technologies 
mature and as production volumes increase, the marginal costs of Smart Grid 
technologies have the potential to decline rapidly. 



Figure 3- 1 

Grid Component Costs (Ulustrafive) 

Technology Assessment: What's in and What's Not In? 

Table 3-1 summarizes what has been included in the cost analysis and what has 
not been included. For the most part, T&D line expansion to meet load growth 
has been excluded. 

Figure 3-2 illustrates the scope of the cost estimates included in this report. 
Investments traditionally made by customers, such as appliances and hybrid 
vehicles, have been excluded. However, infrastructure integration costs are 
included. 
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Table 3- 1 

Technologies Included and Excluded in the Cost Estimates 


Ted.«*.9ie. 

^K^lnduded in 
Uric Analysis 

Costs Excluded 

1 . Increased use of digital 
information and controls 
technology to improve reliability, 
security, and efficiency of the 
electric grid. 

Sensors, 

communications and 
computational ability 

None 

2. Dynamic optimization of grid 
operations and resources, with hill 
cyber-security. 

All grid-related 

None 

3. Deployment end Integration of 
distributed resources: storage and 
generation, including renewable 
resources. 

All integration costs 

New transmission 
lines including 
those to integrate 
renewables; and 
costs of renewable 
power generation 
technology* 

4. Development and 
incorporation of demand 
response, demand-side resources, 
and energy-efficiency resources 

All integration costs 

The cost of energy- 
efficient devices 

6. Integration of "smart" 
appliances and consumer 
devices. 

All integration costs 
(see above) 

Consumer 
appliances and 
devices 

7. Deployment and integration of 
advanced electricity storage and 
peak-shaving technologies, 
including plug-in and hybrid- 
electric vehicles, and thermal- 
storage air conditioning. 

Bulk power storage 
devices and high- 
value distributed 
storage - such as bulk 
storage for wind 
penetration; 
distributed storage for 
grid support; 
customer-side-of-the- 
meter storage for end- 
use energy 
management 

Low-value 
distributed storage 

8. Provision to consumers of 
timely information and control 
options to enable consumer 
engagement. 

All enabling costs 
including cost of 
consumer display 
devices 

None 
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Table 3-1 {continued} 

Technologies Included and Excluded in the Cost Estimates 




1 0. Identification and lowering of 
unreasonable or unnecessary 
barriers to adoption of Smart 
Grid technologies, practices, and 
services. 

1 1 . Costs to implement NERC's 
Critical infrastruchjre Protection 
(CIP) Standards 



All 


None 


None CIP requirements 

applied to the 
Distribution System 
SCADA would 
incur substantial 
costs and are 
excluded here 


*lt should be noted that some reviewers felt that the cost of new transmission 
needed to integrate renewables should ultimately be included in estimating the 
cost of tomorrow's power delivery system. 


One additional cost which could be imposed on some utilities involves 
conversion to the International Electrotechnology Commission’s (lEC) standard 
for substations communication called lEC 61850. If conversion to lEC 61850 
were mandated, legacy systems now utilized by some for both distribution 
SCADA and communications on the power system would become obsolete. 
These utilities used a form of Multi-Agent Systems or MAS as a simple format 
for the exchange of digital information on their power system. For some of these 
utilities, a mandate to convert to implement lEC 61850 would necessitate 
replacing their MAS infrastructure, all remote MAS radios and Remote 
Terminal Units (RTUs) in order to provide the increased bandwidth necessary to 
support lEC 61850. 
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Smart Grid Scope h This Study 


Figure 3-2 

Smart Grid Diagram 

To conduct a preliminary quantitative estimate of the level of investment needed 
over the next 20 years to enable the envisioned power delivery system, the project 
team first decided to treat transmission, distribution, and customer-related costs 
separately. This is due to fundamental differences in the nature of the 
transmission and distribution portions of the power delivery system; and 
uncertainty whether the costs categorized as consumer costs would be borne by 
utilities, consumers, or third-party service providers. It should be noted that there 
are, however, substantial areas in which distribution technology enhancements 
will greatly affect the operation and potentially the configuration of the 
transmission system. These interactions were not considered in this evaluation. 
The team also decided to further subdivide the estimating process for 
transmission and distribution into the following two segments: 

■ Load Growth. Via equipment installation, upgrading, and replacement, 
transmission and distribution system owners invest in the power delivery 
system to accommodate new customers (so-called “new connects”) and to 
meet the increasing energy needs of existing customers as their load grows. 

■ Power Delivery System of the Future (“Future PDS”). The project team 
estimated the investment needed to develop and deploy advanced 
technologies needed to realize the vision of the power deliver}^ system (both 
transmission and distribution) described above. 

Modernizing an Aging Infrastructure 

AH components of any infiustructure have limited lives regardless if they are 
roads, bridges, natural gas transmission, water pipelines or telecommunications. 
From the moment any gj.ven infrastructure is installed or renovated, aging begins. 
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Accelerated agiiig resulting in premature or unexpected failure is important to 
avoid in any of the infrastmctures which pro^dde society essential services 
Electricity is no exception as failures of components can lead to poor power 
quality, interruptions or wide-scale blackouts. 

In the case of electric power dehvery systems, substantial efforts are made to 
undertake the investments necessary to maintain reliability. Those investments 
are not included in estimating the cost of the Smart Grid in this study. 
Transmission and distribution utilities often spend an amount equal to 1 to 2% of 
their depreciated plant in service on refurbishment so as to maintain reliability. In 
conducting business as usual, necessary expenditures to accommodate load 
growth and to maintain reliability will naturally be made with equipment that is 
compatible with the power delivery system of the future. 

Figure 3-3 illustrates how these three cost elements might combine to build the 
power delivery s)^tem of the future. The figure highlights the fact that as 
utilities make investments to maintain reliability sufficient to accommodate load 
growth, they are making investments which help build part of the power deliver 
system of the future. 

Power Delivery 



Figure 3-3 

Illustration of Synergies in the Three Categories of Needed Transmission and 
Distribution Investment 

Evolving the Smart Grid will mitigate declining reliability caused by aging 
components on the power delivery system. As Smart Grid components are 
added to the power delivery s)^stem, highlighted as Power Delivery System of the 
Future in Figure 3-3, and as Load Growth is accommodated as illustrated, the 
power delivery infrastructure will be strengthened and reliability enhanced. By 
its nature, the enhanced functionality which the Smart Grid’s sensors, 
communications and computational ability enable will improve O&M, increase 
reliability and assure that the investments made to maintain reliability are 
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appropriately targeted at infrastructure components which have the greatest risk 
of failure. In this study, the project team separated the expenditures necessary to 
accommodate load growth from the expenditures directly related to the power 
delivery system of the fiiture, in order to elucidate the true cost of the Future 


PDS. 
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Section 4: Power Delivery System of the 
Future: Benefits (The Benefits of 
the Smart Grid) 

Previous EPRI Study 

There have been a number of studies which have estimated some of the benefits 
of a Smart Grid. Each varies somewhat in their approach and the attributes of 
the Smart Grid they include. None provides a comprehensive and rigorous 
analysis of the possible benefits of a fully functional Smart Grid. EPRI intends to 
conduct such a study, but it is outside the scope of the effort presented in this 
report. 

In 2004, EPRI undertook a study to estimate the cost and value (benefits) of the 
power delivery system of the future. To do so, it developed a flexible framework. 

The fundamental approach that was used in the 2004 study involved the 
identification of attributes of the power system (e.g., cost of energy, capacity, 
security, quality, reliability, environment, safety, quality of life, and productmty). 
EPRI then developed the framework to quantitatively estimate the dollar value of 
improving each of these attributes by a defined amount (i.e., percentage 
improvement). 

Existing, documented data sources were used for this estimation process for each 
attribute. These sources included the U.S. Ener^ Information Administration, 
the U.S. Department of Energy’s Policy Office Electricity Modeling System, the 
Federal Energy Regulatory Commission’s transmission constraint study, the U.S. 
Labor Department’s Bureau of Labor Statistics, and many more. 

Attributes 

Table 4-1 shows the various types of improvements that correspond to each of 
the attribute types used in the root study. A key aspect of the value estimation 
process in general is its consideration of improvements to the power delivery 
system (see the left column of Table 4-1), as well as improvements that 
consumers directly realize (see the right column of Table 4-1). This was done to 
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ensure that emerging and foreseen benefits to consumers in the form of a broad 
range of value-added services addressed in the estimation of value. 

Table 4~ 1 

Attributes and Types of Improvements Assumed in the Value Estimation of the 
Future Power Delivery System (Left: Power Delivery System Improvements; Right: 
Improvements That Consumers Realize) 


Power Mivery 
llmprowments/ Kl'* 
Benefits) ^ 

Attributes 

Consumer 
rfe'"' flmprovementsf 
P’ Benems) 

C&M Cssi 

Capital Cost o? Asset 

T&D Losses 

Cost of Energy (Net deiiver&i 
life-cj^h cost of energy 
senrtce) 

Erd ,./s9 Ere^y c'ftc ercv 
CaoRSI e-Dst, srd jse' i"frasTru:ti,'e 
05V ErraJser t'rasl-u-rfure 
CoRSroifMsnage Use 

Increased Power Flaw 

New ir'frsstfucture 

Demafid Rssjsonsiy* i.oacf 

Capacity 

impfoy«l oowsr factor, Low«-£ne User 
lnfr«tiuctuns cosa sNoug'i eco^cm es c* saa e 
and systerv ssreamSihg, evpario cpaoljity 
• ' , , , forgrowth 

Entianaed SeouTty 

Se'f Heeting Qm} for Qo'sk Hecavery 

Security 

, SpNaacedSecurdyansaoditytocontmue 
osndusttng business and every day functtsns 

Iware-ge Powrer Qvtf ity and (Mihsnee 
•sqtiipment ojaersims window 

QuaSity 

In^rove Fewer CUia'ty and erhance 
eip^pmept ossratutg window 

Recuse frequencv ana duratw o' 
s'.dagts 

RaliabUity & AvailabiHty 

Enhanced Security 
Seif Neatog Ond tot Ouidc RecowKy 
Ava^aSraiy iPcanteo 

SM® Msnagerient 

Reauctien p SFB netiaftiiordei 

ewijslons 

Recutition 'p sleaiwo costs 

Reduction ■■■r oower plant ertissiws 

Environment 

Imptovec Esthete Vatu*,. 
Reduced EMF' 
tmtustrtot Eooii^ 

Safer wetis #rivi»-nni«pt fo' irtfiQr 

Safety 

Safer work envlnnmeitt.for end-use eEeetrfoSt : 

' ifScidKw 

Value aOOed electdc related services 

QuaHtyofiife 

• • Comfort,' 

. Convemerwa'. 

■ " ■ AeoesiitNiay''. 

Inoreese produo^vity due to efTtoent 
ooeraSon of (he power detlvery 
ipfrastmeture 

Real SDR 

Productivity 

. : (mpfayed consume^ preoiictivity 
Real SDR 


The “cost of energy” attribute is the total cost to deliver electricity to customers, 
including capital costs, O&M costs, and the cost of line losses on the system. 
Therefore the value of this attribute derives from any system improvement that 
lowers the direct cost of supplying this electricity. “SQRA” is the sum of the 
power security, quality, and reliability attributes, because the availability part of 
SQJ^ is embedded in the power quality and reliability attributes. The quality of 
life attribute refers to the integration of access to multiple services, including 
electricity, the Internet, telephone, cable, and natural gas. This involves 
integration of the power delivery and knowledge networks into a single 
intelligent electric power/communications s)^tem, which sets the stage for a 
growing variety of products and services designed around energy and 
communications. 

To quantify the benefit of these improvements for various attributes, the project 
team developed various “benefit calculator tools.” Figure 4-1 shows the 
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relationship of these benefit calculator tools, the attributes, and the overall value. 
Note that science and technology drivers feed generally into the process. 



Figure 4- 1 

Relationship Between Value, Attributes, and Benefit Calculator Tools in the Value 
Estimation Process 

Table 4-2 and Figure 4-1 illustrate the attributes considered in the original 
estimates of value published in 2004. Table 4-3 summarizes these estimates and 
escalates them using a chained GDP sequence to 2010 dollars. Table 4-4 lists the 
major attributes and benefits not included in the original EPRI study. 

The increase of benefits using the chained GDP sequence masks the fact that the 
majority of the overall increase in benefits is from a change in scope of the Smart 
Grid from a system that can “almost” instantaneously balance supply and demand 
when the predictability of supply is decreased with the addition of increased 
amounts of variable renewable resources and the predictability of demand is 
aggravated with the addition of Plug-in Electric Vehicles, distributed 
photovoltaics and storage. To rectify this EPRI team analyzed the benefits from 
Demand Response, PEVs, AMI, Distributed Generation and Storage as shown 
in Table 2-2. Including these elements has increased the focus of the Smart Grid 
from operational efficiencies so as to include economic, societal, and energy 
policy benefits. 

The electric power industry is the last industry in the western world to modernize 
itself through the use of sensors, communications, and computational ability. 

The combination of these functions allow for a truly interactive power system 
which can integrate consumer demand with supply interactively. 
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In addition to the obvious benefits achieved by this enhanced functionality - 
namely, improved asset utilization, reduced electricity cost, and improved 
reliability, it is now obvious that other substantive benefits will accrue once the 
Smart Grid is implemented. Chief among these is the reduction of peak demand, 
the adoption of electric vehicles, the use of storage, and the increased use of 
renewable power production. 

Table 4-2 

Summary of Benefit Calculations Included in Original EPRI Study 


Benafil CokHlaiioiis 


Attributes 

T&D Cost Reduction 

Energy efficiency and T&D losses impact on: 



Capital cost 

O&M Cost 

Administrative and general cost 

Congestion 


Transmission congestion cost 

Security 


Self-healing infrastructure 

Mitigating major outages 

Power Quality & 


Reliability 

Reliability/ Availability 


Power Quality 

Environmental Impact 


so. 



CO, 



NOx 

Safety 


Accidental electrocutions 



Building fires caused by electrical 
infrastructure 

Quality of Life 


Access to competing suppliers 

GDP/Productivity 


Increase GDP from reduced electricity cost 
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Table 4-3 

Benefit Estimates in 2004 EPRi Study Escalated to 2010 Values 










Productivity 

1 

1 

1.14 

1.14 

Safety 

11 

11 

12,54 

12.54 

Environment 

48 

48 

54.72 

54.72 

Capacity 

49 

49 

55.86 

55.86 

Cost 

50 

50 

57 

57 

Quality 

35 

57 

41.04 

64.98 

Quality of life 

65 

65 

74.1 

74.1 

Security 

133 

133 

151.62 

151.62 

Reliability 

247 

390 

281.58 

444.6 

Totai 

640 

804 

729.6 

916.56 


Table 4-4 lists the major attributes and benefits not included in the original 
EPRI study. Hence, the value of the Smart Grid, even with escalation applied, is 
substantially understated in Table 4-3. 

In order to provide a preliminary estimate of at least the major benefits of a fully 
functional power delivery system, EPRI has attempted to provide estimates for 
most of the remaining benefits. These are depicted in Table 4-5 using a 
framework developed by the U.S. Department of Energy (USDOE) and EPRI 
(EPRI 1020342). The table includes the attributes and benefits explicitly 
included in the DOE/EPRI framework as well as other attributes not included. 

As summarized in the table, the total benefit of all attributes for the Smart Grid 
is estimated to be between $1,294 billion and $2,028 billion for the period 2010 
to 2030. EPRI believes that once all of the attributes and benefits of a Smart 
Grid are identified and analyzed, estimates of the total benefit will increase even 
more. 
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Table 4-4 

Major Attributes and Benefits Not Included in Original EPRI Study 




5 

Demand Response 

• 

• 

Reduced need for generation capacity 
Reduced demand for electricity 

Facilitating Renewables 

• 

Reduced environmental impact of 
electricity generation 

PEVs 

• 

• 

Reduced environmental impact from 
displaced fossil fuels 

Increased system flexibility/ancillary 
services 

Work Force 

• 

Improved utilization of work force 

Energy Efficiency 

• 

Generation Capacity deferrals 

Enhanced Energy Efficiency 
(additional energy efficiency) 

• 

Reduced Environmental Impacts 

AMI 

• 

AMI-related cost reductions 

Distributed Generation 

• 

Facilitating distributed generation 

Value-Added Electricity Services 

• 

Comfort and convenience 

Synergistic Effects BeKveen 
Elements 

• 

Compounding between multiple 
attributes 

Storage (various benefits) 

• 

• 

• 

Capacity 

O&M 

Congestion 

Safety 

• 

Personal safety 

Transmission O&M 

• 

Ancillary services 
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Section 5: Transmission Systems and 
Substations 


The high-voltage transmission system is the “backbone” of the power delivery 
system. It transmits very large amounts of electric energy between regions and 
sub-regions. Transmission system equipment fails and causes power outages 
much less frequently than distribution equipment. But when transmission 
equipment fails, many more customers are affected, and outage costs can be 
much higher, compared to the impact of a distribution equipment-related outage. 
This fact, combined with the high cost per mile or per piece of transmission 
equipment, has historically led to greater attention to transmission system 
reliability. However, in the last several decades, a variety of factors has led to a 
significant decrease in investment in transmission system expansion. 

Introduction 

To estimate the investment needed in the transmission system, a top-down 
approach was used for the load-growth and correct-deficiencies segments of 
investment, while a bottom-up approach was used for estimating the elements 
needed to create a Smart Grid. In the U.S., according to EEI, there are now 
more than 200,000 miles of high-voltage transmission lines greater than 230 kV, 
An earlier study by DOE, entitled the National Transmission Grid Study, 2002, 
showed a total of 187,000 miles, broken down by the voltage levels shown in 
Table 5-1. 

The total cost for enhancing transmission system and substation performance to 
the level of a Smart Grid is estimated between $56 and $64 billion, as 
summarized in this section. The cost includes several categories of technology 
whose functionality overlaps significantly between the transmission system and 
substations as well as some elements of the distribution system described later, as 
well as enterprise level functions, such as cyber security and back office systems. 
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Tables^] 

Transmission Line Miles 


Veltaga(ldr} 

Miles 

230 AC 

85,048 

345 AC 

59,767 

500 AC 

32,870 

765 AC 

4,715 

25a500 DC 

3,307 

Total Miles 

184,707 


In general, monitoring of transmission assets is more cost-effective and beneficial 
than any other asset class (EPRI 1016055). Although transmission lines are one 
of the critical core backbone elements of the power grid, thousands of miles are 
unattended and not monitored in anyway. Transmission lines have seasonal 
ratings that need to be considered by operations and planning. For the most part, 
there is little if any real-time monitoring other than at substations that provide 
operators with loading information. 

Transmission investment trended downward for more than two decades, 
declining from $4.8 billion in 1975 to $2.25 billion in 1997, then leveled off 
before beginning to climb again. It reached roughly S5 billion in 2000 and is 
expected to reach nearly $11 billion in 2010. Smart Grid functionality should 
help to increase the value of future transmission investment over and the 
expansion needed to meet load growth. 

The number of substations is one of the basic metrics upon which investment 
costs were determined. There are an estimated 70,000 substations in the U.S. 
that reduce voltage between the bulk transmission system and the distribution 
feeder system, and serve as critical hubs in the control and protection of the 
electricity grid. This figure was derived from FERC data that shows investor- 
owned utilities (lOUs) operate a total of 40,619 substations at voltage levels 
ranging from just above 1 kV to 765 kV. Since lOUs represent roughly 70% of 
all U.S. customers, the number of existing substations was thus calculated to be 
58,027 (40,619/.7 = 58,027). 

As elucidated in Chapter 3, load was estimated in the study to grow at a rate of 
0.68%/year. Compounded over the 20-year period of the study (2010-2030), this 
would imply an additional 8,423 substations will be required by 2030. 
Accordingly, the base figure used throughout this report for substations is 58,027 
which could potentially be upgraded and 8,423 which will be new. In addition to 
this base, another 700 substations will be required by 2030 to handle renewable 
generation. 

Other key benchmarks used in the analysis include an estimate of 8 
feeders/substation serving lower-voltage customers downstream. Thus, there are 
464,216 feeders that are eligible to be upgraded with intelligent electronic devices 
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for a fully functioning Smart Grid. In addition, there are 67,384 new feeders to 
be added to accommodate load growth. Segments of the feeders that can be 
isolated electrically in case of faults and/or reconfiguration are called “pods,” and 
for purposes of the Smart Grid, the analysis team used roughly 4 pods/feeder, 
yielding more than 2,260,000 isolatable pods for purposes of monitoring and 
control. 


Table 5-2 lists these assumptions. 
Table 5-2 

Number of Substations and Feeders 


Sahslatioiis 

Number 

Existing substations 

58,027 

New substations to accommodate load growth (2030) 

8,423 

New substations to accommodate renewables (2030) 

Distribution 

700 

Number of existing feeders 

464,216 

New feeders to accommodate load growth (2030) 

67,384 


An underlying assumption in the report is that the digital devices to be deployed 
in the Smart Grid will comply with the International Electrotechnology 
Commission (lEC) Standard 61850 (lEC 61850). That standard applies to 
substation automation and protection, distribution automation, distributed 
energy resources, hydro generation, SCADA to field devices, and applies to 
protective relays, SCADA Master, DER, PQ^meters, fault recorders and other 
applications. 

Cost Components for the Smart Grid: Transmission Systems 
and Substations 

The core components of cost for the transmission and substation portion of the 
Smart Grid are as follow; 

■ Transmission line sensors including dynamic thermal circuit rating 

■ Storage for bulk transmission wholesale services 

■ FACTS devices and HVDC terminals 

■ Short circuit current limiters 

• Communications infrastructure to support transmission lines and substations 

■ Core substation infrastructure for IT 

■ Cyber-security 

■ Intelligent electronic devices (lEDs) 

■ Phasor measurement technology for wide area monitoring 
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■ Enterprise back-office system, including GIS, outage management and 
distribution management 

■ Other system improvements assumed to evolve naturally include: 

Faster than real-time simulation 
Improved load modehng and forecasting tools 
Probabilistic vulnerability assessment 
Enhanced visualization 

Substation upgrades will enable a number of new functions including, but not 
limited to: 

■ Improved emergency operations 

■ Substation automation 

■ Reliability-centered and predictive maintenance 

Dynomic Thermal Circuit Rating (DTCR) 

Dynamic rating and real-time monitoring of transmission lines are becoming 
important tools to maintain system reliability while optimizing power flows. 
Dynamic ratings can be considered a low-cost alternative for increased 
transmission capacity. Dynamic ratings are typically 5 to 15% higher than 
conventional static ratings. Application of dynamic ratings can benefit system 
operation in several ways, in particular by increasing power flow through the 
existing transmission corridors with minimal investments. 

Dynamic rating increases the functionality of the Smart Grid because it involves 
the monitoring of real-time system data that can be used in various applications: 

■ Real-time monitors yield a continuous flow of data to system operations - 
line sag, tension or both, wind speed, conductor temperature, etc. — 
traditionally not available to operators. 

■ Monitored data can be processed to spot trends and patterns. 

■ Real-time monitored data may be turned into useful operator predictive 
intelligence (e.g., critical temperature and percent load reduction needed in 
real time). 

The New York Power Authority (NYPA) has engaged with EPRI in a 
demonstration project that will evaluate the instrumentation and dynamic 
thermal ratings for overhead transmission lines. An area of possible application 
for DTCR is the growing penetration of wind generation; when turbines are 
operating, one expects higher dynamic ratings because of increased wind speed. 
The project ■wiU use EPRI’s DTCR software, which uses real-time or historical 
weather and electrical load data to calculate dynamic ratings for overhead lines in 
real time based on actual load and weather conditions that generally are accessed 
through the utility’s SCADA/EMS system. 
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The study team assumed that AC transmission lines rated 115 kV to 230 kV in 
the U.S. are most susceptible to being thermally limited. They considered lines 
rated 345 kV and above are more likely voltage-limited. Albeit, there may be a 
few lines rated at these higher voltages that are thermally limited - they would be 
an exception and not the rule. Furthermore, of the lines which are potentially 
thermally limited, only 50% actually are. There are 85,048 miles of lines at 
230 kV. To dynamically rate all 85,048 miles would require one unit per 7.5 
miles or 11,340 units. The cost of DTCR deployed in quantity is estimated to be 
$20,000 initially, declining to $ 10 , 000 . 

It should be noted that the above calculation does not include any transmission 
lines at voltages lower than 230 kV, e.g., 115, 138 and 161 kV. It is expected that 
these transmission lines will benefit from DTCR. 


Table 5-3 

Cost of Dynamic Thermal Circuit Rating 


Tachnttlon' 

Total 

Units 





Dynamic- 

Thermal 

11,340 

Units/7.5 

miles 

DTCR 

1 0,000 

20,000 

113.4- 

226.8 

Circuit Rating 


line 




Sensors and Intelligent Electronic Devices 

The Smart Grid will require a more diverse and wider array of sensors and other 
Intelligent Electronic Devices (lEDs) throughout the power system to monitor 
conditions in real time. In particular, sensors in transmission corridors and in 
substations can address multiple applications; 

■ Safety; The application of sensors for transmission line or substation 
components will allow for the monitoring and communication of equipment 
conditions. Information that a transmission line or substation component is 
in imminent risk of failure will enable actions to be taken to address the 
safety of utility personnel. 

■ Workforce Deployment: If the condition of a component or system is known 
to be at risk, personnel can be deployed to prevent an outage. 

■ Condition-Based Maintenance: Knowledge of component condition enables 
maintenance actions to be initiated at appropriate times rather than relying 
on interval-based maintenance. 

■ Asset Management: Improved knowledge of the condition of equipment and 
stresses that they have been subjected to will allow managers to better 
manage the assets. Sensor data used together with historic performance 
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information, failure databases and operational data allows better allocation of 
resources. 

■ Increased Asset Utilization: The rating of transmission components is 
influenced by a range of factors such as ambient weather conditions, loading 
history and component configuration. In order to address this complexity, 
static ratings are usuaUy based on conservative assumptions of these factors. 
Higher dynamic ratings can be achieved with more precise, real-time 
knowledge of the asset’ s condition. 

■ Forensic and Diagnostic Analysis: After an event occurs, there is limited 
information to understand the root cause. Sensors allow the capture of 
pertinent information in real time for a more rigorous analysis. 

■ Probabilistic Risk Assessment: Increased utilization of the grid is possible if 
contingency analyses are performed using a probabilistic, rather than 
deterministic, methods. To use probabilistic methods, knowledge of the 
condition of components and the risks they pose are needed 

The transmission system of the future will utilize a synergistic concept for the 
instrumentation of electric power utility towers with sensor technolog}-^ designed 
to increase the efficiency, reliability, safety, and security of electric power 
transmission. The system concept is fueled by a list of sensing needs illustrated in 
Figure 5-1 (EPRI 1016921). This system scope is limited to transmission line 
applications (i.e., 69 kV and above), not distribution, with the focus on steel 
lattice and pole structures, not wooden. 



Figure 5- 1 

Illustration of Sensor Needs for Transmission Lines and Towers (EPRI 1 0 1 692 1 j 

In this concept, the addition of wiring to interconnect and/or power distributed 
sensors is not viable because of electromagnetic susceptibility concerns and labor 
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intensive instaEation. Consequently, sensor concepts will rely on wireless and/or 
fiber optic technology. 



Figure 5-2 

Image Showing a Single Structure Illustrating Some of the Concepts (EPRI 
1016921} 

Figures 5-1 and 5-2 depict some of the high-level concepts that are listed below: 
■ Sensors distributed on transmission structures and /or conductors. 
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■ Sensors that may or may not communicate with the “hub" installed on the 
structure — either wireless or wired. 

■ Sensor information is collected, stored and analyzed in a “central database” 
which is part of the utility’s current data management system. The data is 
collected /communicated from the sensors /hubs to the central database using 
one of the following methods: 

Wirelessly back to tiie central database from the individual structure hub, 
e.g. RF directly, via satellite or cell phone network. 

Collected using a vehicle traveling the length of the line. The data from 
the collection vehicle is transferred during or after the inspection. The 
following is a list of possible data collection vehicles: 

o Unmanned Airborne Vehicle (UAV) 
o Manned Aerial Vehicle 
o Line Crawler Robot 

If the vehicle data collection approach is utilized: 

o The vehicle may collect the data wirelessly directly from the sensors 
(possibly excluding the need for a structure “hub”). 

o The vehicle may also have sensors aboard recording data during the 
collection process, (e.g. video, UV, IR, still images) 

These concepts are discussed in detail in the following sections. 

There are a number of possible sensors to address each of these applications. 
Table 5-4 below elucidates the range of sensor needs. The study team assumed 
that by 2030 one-half of all substations would have installed an advanced sensors 
package on the transmission system, costing roughly $50, 000- 
100,000/substation. The total Smart Grid investment for sensors approaches 
$1,5 to 2.9 billion. In addition, 100% of new substations built to accommodate 
load growth would incorporate a suite of sensors at a cost ranging between $421 
to 842 million. 
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The sensor system architecture is comprised of sensors that acquire diagnostic 
data from components of interest and from communications hubs that collect the 
sensor data and relay it to a central repository. Sensors may be directly attached 
to the item being monitored, or may be remotely located such as in the case of a 
camera. Communications hubs may be mounted on or near towers or may be 
located on a wide variety of mobile platforms, such as manned airplanes or 
unmanned line crawlers or UAVs. Sensors and hubs may operate and be polled 
periodically (e.g., at intervals of minutes, hours, days) or continuously monitored 
(e.g., a real-time alarm) depending on the application. In any case, sensors 
communicate their results via hubs to a central repository. Figure 5-3 illustrates 
the architecture and flow of data. 


UnManneg Manr>eo 

UAV AiiT^ane 

Balloon HeScc^^er 

SatelIHe Truck 

Ro botic Crawl er Backpack 



Figure 5-3 

Sensor Sysiem Architecture (EPRI 1 0 1 692 1 } 
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Table 5-5 
Cost of Sensors 





Life 



1 

Transmission 
line Sensors 

58,027 

Number of 
; existing 
substations 

50* 

50,000 

100,000 

1,451- 

2,901 

Transmission 
Line Sensors 

8,423 

Number of 

new 

substations 

. 100 

50,000 

100,000 

421- 

842 

*Assumes 50% of substations will have 
deployed. 

sensors 

listed in Tab 

e 5-4 partially 


Examples of Transmission Line Sensors 



Figure 5-4 

RF Conductor temperature and current sensor, offering power harvesting, live 
working install, and low cost. Cost is an order of magnitude lower than that of 
other available technologies. 
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Figure 5*5 

Clamp-on RF leakage current sensor for transmission line applications installed on 
a 1 15-kV composite insulator. 
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Figure 5-6 

An RF leakage current sensor installed on a post insulator in a substation. It also 
shows dry band arcing (the discharge activity due to contamination and wetting 
that causes the leakage currents) captured during a contamination event. The 
sensor recorded the event 



Figure 5-7 

Antenna array inskilled on a portable frailer deployed in a l6l-kV substation. 
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Figure 5'8 

A solar-powered tank-top temperature sensor installed on a transformer. 



Figure 5-9 

An MIS sensor for measuring acetylene gas levels in oil. The use of MIS gas-in-oil 
sensors can increase the number of transformers monitored due to their lower cost. 
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Figure 5- 1 0 

Conductor temperature sensors installed on a steel-reinforced aluminum cable 
(ACSR) conductor. The sensor communicates using a cell phone modem. 



Figure 5- 1 1 

Inside the housing of a leakage current monitoring sensor utilized on post-type 
insulators. The two lithium polymer batteries utilized to power the sensor for 14 
years. 

Short-Circuit Current Limiters (SCCl) 

The short-circuit current limiter (SCCL) is a technology that can be applied to 
utility power delivery systems to address the growing problems associated with 
fault currents. The present utility power delivery infrastructure is approaching its 
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maximum capacity and yet demand continues to grow, leading in turn to 
increases in generation. The strain to deliver the increased energy demand results 
in a higher level of fault currents. The power-electronics-based SCCL is 
designed to work with the present utility system to address this problem. It 
detects a fault current and acts quickly to insert an impedance into the circuit to 
limit the fault current to a level acceptable for normal operation of the existing 
protection systems. 

The SCCL incorporates advanced Super GTO (SGTO) devices for a higher- 
performing and more compact system that incorporates the most advanced 
control, processing, and communication components. This enables it to function 
as a key part of the Smart Grid. 

The study team expects installation of the SCCL to begin in ten years and to be 
phased in slowly, beginning in 2020. From 2020, penetration will rise to 2% of 
transmission substations by 2030. The installation cost will be about $500,000 
for SCCL at transmission substations, and about $50,000 at distribution 
substations. Total installed cost for transmission circuit current limiters through 
2030 is estimated at $2.03 billion. 


Table 5-6 

Cost of Transmission Short Circuit Current Limiters 


Tachnology 






Transmission 

Short-Circuit 

Current 

58,027 

Number of 
substations 

2 

500,000 500,000 

580.3- 

580.3 


Limiters 


Flexible AC Transmission System (FACTS) 

There are a number of flexible AC transmission (FACTS) technologies which 
are critical to the Smart Grid. These all incorporate power electronics and can be 
applied to the transmission system. These include both the control and operation 
of the power system and applications that will extend eventually to transformers 
themselves. 

FACTS devices can be used for power flow control, loop flow control, load 
sharing among parallel corridors, voltage regulation, enhancement of transient 
stability, and mitigation of system oscillations. FACTS devices include the 
thyristor controlled series capacitor (TCSC), thyristor controlled phase angle 
regulator (TCPAR), static condenser (STATCON), and the unified power flow 
controller (UPFC). AEP installed the first UPFC at its Inez substation in eastern 
Kentucky in 1998 (EPRI 1010633). 
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FACTS is a concept invented by EPRI in the 1980s, for which EPRI developed 
several patents licensed to Siemens. It involves the injection of a variable-voltage 
source, which adjusts the power flow across a transmission line, resulting in 
variable voltage, impedance, and phase angle. Six successful major FACTS 
installations were demonstrated, each with several key features. For example, one 
installation at the New York Power Authority’s Marcy Substation resulted in the 
ability to increase power-transfer capacity into New York City by 200 MW, 
resulting in substantial savings. However, these FACTS devices did not spawn 
an anticipated revolution in the control of power flow, as was expected. They 
were plagued by three technical problems, the combination of which made 
FACTS 20% more costly than “conv^entional” solutions. These technical 
problems included the cost and performance of the control systems within the 
devices; the performance of the systems used to cool the electronics; and the cost 
and performance of the power-electronic devices themselves. As of now, the first 
two of these issues have been resolved, and with the successful demonstration of 
advanced power electronics, there is relative certainty that the industr)^ is poised 
for a rebirth of FACTS. This is especially important with the introduction of 
increasing amounts of variable generation - like wind and solar - located far from 
load pockets. 

The advantages of FACTS technology are as follows: 

■ Increases the amount of power that can be imported over existing 
transmission lines. 

■ Provides dynamic reactive power support and voltage control. 

• Reduces the need for construction of new transmission lines, capacitors, 
reactors, etc which mitigate environmental and regulatory concerns, and 
improves aesthetics by reducing the need for construction of new facilities. 

■ Improves system stability. 

■ Controls real and reactive power flow. 

• Mitigates potential Sub-Synchronous Resonance problems. 

FACTS for HVDC -The backbone of HVDC transmission is a FACTS device 
which is the converter station that converts AC to DC for transmission and then 
converts DC back to AC at the other end of the line. Power electronics do the 
heavy lifting in these applications. In the 400- to 1000-MW range, second- 
generation IGBT power-electronic devices are used, while in the 1000-MW and 
above range, older technologies are used (namely, thyristors). As load growth 
increases and the use of renewable power generation located far from the load 
pocket becomes the norm, there will be increased demand for DC technology. 
DC technolog)' may be the only effective means of increasing power flow on an 
existing corridor that was originally built for AC transmission. 

FACTS for Controlling Reactive Power — TCSCs are a derivation of the 

FACTS technology that uses power electronics to inject capacitance into the 
power system to improve power flow by controlling reactive power. There are 
roughly 100 TCSCs installed in the U.S., primarily in the west. Eastern utilities 
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have been reluctant to take advantage of this technology due to concerns about 
sub-synchronous resonance. Further development of thyristor control can 
dampen those oscillations. 

FACTS for Electronic Transformers — Power-electronic transformers will 

eventually become part of the transmission system. Existing mechanical 
switching is accomplished within about 6 AC cycles. This is rapid enough for 
most applications. Howsver, there is a need for a power-electronic device that 
could reduce short-circuit currents and then act as power-electronic circuit 
breaker at the same time. The potential maximum for short-circuit currents is 
growing so as to exceed the maximum capacity of today s breaker fleet. A 
distribution device to limit short-circuit currents using power electronics has been 
demonstrated. Further development could allow this device to scale up to high 
voltage and, coincidentally, act as a fast-switching power-electronic breaker. This 
device would have the added benefit of eliminating the use of SF6. Considerable 
effort has been expended in the development of distribution transformers based 
on power electronics. Using power electronics in transformers can eliminate the 
majority of the inductance and, along with it, aU of the oil used as coolant, 
resulting in a substantial reduction in the losses. In addition, it offers a great deal 
more flexibility in voltage control. The potential to scale up the distribution 
version of this transformer is promising. Further advancement in power 
electronics will he needed to realize for this transmission application. 

Power Electronic Devices for Mitigating Geomagnetically-lnduced 

Currents - GeomagneticalJy-induced currents can cause serious problems to 
high-voltage equipment and promote blackouts. The future application of power 
electronics to be applied to the grounded neutral on substation transformers 
could neutralize these currents. Further development is needed to realize this 
technology in the 2020 to 2030 time frame. 


Table 5-7 

DC Lines and Terminals Known to be Under Consideration 


llenewabre Studies ' 

No. Une« ■ 

'typ* 

EWITS 

10 

800 kV DC lines 

WWIS 

1 

600 kV DC lines 

HPX 

2 

500 kV DC lines 

Santa Fe 

1 

500 kV DC lines 

Clean Line 

1 

500 kV DC lines 

Total 

15 

Lines or 30 HVDC Terminals 
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Storage 

Bulk storage is one of the major limitations in today’s “just in time” electricity 
delivery system and one of the great opportunities for Smart Grid development 
in the future. Only about 2.5% of totd electricity in the U.S. is now provided 
through energ)' storage, nearly all of it from pumped hydroelectric facilities used 
for load shifting, frequency control, and spinning reserve. System balancing is 
provided by PH, combustion turbines, and the cycling of coal power systems. (In 
contrast, some 10% of the electricity produced in Europe is cycled through a 
storage facility of some kind, and Japan stores 15% of the electricity it produces.) 
Deployment and policy have been instrumental in long-term resource planning 
and management. 

Storage is essential for electricity'- consumers where power quality and reliability is 
critical, such as at airports, broadcasting operations, hospitals, financial services, 
data centers, telecommunications, and many finely tuned industrial processes. 
Such operations frequently install energy' storage as part of an uninterruptible 
power supply. In the future, storage — as both an end user and electric utility 
energy management resource •— will become possible due to a confluence of high 
TOU rates, dynamic pricing, and lower cost energy storage systems. 

Compressed air energy storage (CAES), pumped hydro, and advanced lead-acid 
batteries are the primaiy' options for utilities pursuing bulk storage for T6cD grid 
support and system and renewables integration. Table 5-9 shows the cost for 
CAES running from S810-1045/kW, whereas lead-acid batteries typically 
exceeds S2000/kW (EPRI 1017813). 


Table 5-9 

Highest Value Electrical Storage Technologies 


Highasl VtaliM 
Si«rcig»'Mark«t 

kw 



Wboiesaie Services 
Without Regulation 

5,800,000 

CAES 

$8iai045 

Wholesale Services 
With Regulation 

2,800,000 

CAES 

$810-1045 

Home Backup 

2.8 

Lead-Acid 

$2200 

Industrial Power Quality 
& Reliability 

1.8 

Advanced Lead- 
Acid 

$2300-2400 

Transportable Storage 
Systems (for Distribution 
Deferral) 

1.7 

Advanced Lead- 
Acid 

$218a2900 


Note: Li-ion systems may, in the long run, be a potentially low-cost option for 
grid support. This maybe driven by the large-scale manufacturing underway for 
the automotive maker. These may be the most compelling for energy' durations 
under four hours with one to three hours being the sweet spot. 
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The study team estimated the installation of 5,800,000 kW of CAES storage 
capacity for wholesale services in areas without regulation, and 2,800,000 kW of 
capacity for wholesale services with regulation. The total investment cost over the 
next 20 years is estimated at $4.7 billion to $6.1 billion, as shown in Table 5-10. 


Table SI 0 

Cost of Storage Technology 


Storage for Buik 
Transmission 
Wholesale 
Services Without 
Regulation 

Storage for Buik 
Transmission 
Wholesale 
Services With 
Regulation 


5,800,000 


2,800,000 




...Jii 



kW 

100 

810 

1045 

4,698- 

6,061 

kW 

100 

810 

1045 

2,268- 

2,926 


Recently, it was announced that several Li-ion systems are going in to provide 
fast regulation services. It is speculated that their costs may be as low as $1,200 
per kW. These technologies could provide frequency regulation at lower costs 
and less lumpy investments than CAES. However, CAES is needed to avoid 
wind curtailment under high penetration wind scenarios. 

Communications and IT Infrastructure for Transmission and 
Substations 

Smart substations require new infrastructure capable of supporting the higher 
level of information monitoring, analysis, and control required for Smart Grid 
operations, as well as the communication infrastructure to support full 
integration of upstream and downstream operations. 

The substation of the future will require a wide-area network interface to receive 
and respond to data from an extensive array of transmission line sensors, 
dynamic-thermal circuit ratings, and strategically placed phasor measurement 
units. The smart substation must be able to integrate variable power flows from 
renewable energy systems in real time, and maintain a historical record or have 
access to a historical record of equipment performance. Combined with real-time 
monitoring of equipment, the smart substation will facilitate reliability-centered 
and predictive maintenance. 


< 5-23 > 


199 


The core and distributed IT infrastructure will be able to coordinate the flow of 
intelligence from critical equipment, such as self-diagnosing transformers, with 
downstream operations, and ^ able to differentiate normal faults from security 
breaches. It will be able to distill and convey critical performance data and 
maintenance issues to back office systems. 

The smart substation will build upon the existing platform. There is already a 
significant installed base of sensors at substations, but there is still limited 
bandwidth connecting the substation to the enterprise. Historically, the 
communications channel to the substation was justified as part of the installation 
of the energy management system (EMS) and supervisory control and data 
acquisition (SCADA) s)^tems. A key consideration for the future is that these 
legacy systems have limited bandwidth. 

The study team estimates a cost of $50,000-175,000 per substation to achieve the 
optimal performance level required for the Smart Grid. Substation upgrades wiH 
phase in slowly over the next 20 years, reaching an 80% penetration level of all 
existing substations by 2030. This suggests a cumulative investment between $2.9 
billion and $4.2 billion by 2030. All new substations will incorporate 
communications and IT infrastructure at the time of construction. 

Table 5-11 

Cost of Communications and IT Infrastructure for Transmission and Substations 



It 

Units 





Core Substation 
Infrastructure for 

IT; Smart 
Substations 

58,027 

Number of 

existing 

substations 

80 

50,000 

75,000 

2,321- 

3,481 

Communications 
infrastructure to 
Support 
Transmission 

Lines & 

Substations 

58,027 

Number of 

existing 

substations 

80 

14,400 

14,400 

668.5- 

668.5 

Total IT & 
Communications 
Infrastructure for 
Existing 
Substations 






2,989,5- 

4,149,5 

Core Substation 
Infrastructure for 

IT: Smart 
Substations 

8,423 

Number of 

new 

substations 

100 

50,000 

75,000 

421-632 
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Table 5- 1 1 (continued) 

Cost of Communications and IT Infrastructure for Transmission and Substations 


Technology 


% 

Sor 

Coil/ 

Unit 

Lows 

Coil/ 

Unit 

High$ 

Total 

Cost 

Loww 

High 






$M 

Communication 
s Infrastructure 
to Support g ^23 

Transmission ' 

Lines & 

Substations 

Number of 

new 

substations 

100 

14,400 

14,400 

121-121 

Total IT & 

Communication 
s Infrastructure 
for New 

Substations 





542-753 


Intelligent Electronic Devices (lEDs) 

Intelligent Electronic Devices (lEDs) encompass a wide array of microprocessor- 
based controllers of power system equipment, such as circuit breakers, 
transformers, and capacitor banks. lEDs receive data from sensors and power 
equipment, and can issue control commands, such as tripping circuit breakers if 
they sense voltage, current, or frequency anomalies, or raise/lower voltage levels 
in order to maintain the desired level. Common types of lEDs include protective 
relaying devices, load tap changer controllers, circuit breaker controllers, 
capacitor bank switches, recloser controllers, voltage regulators, network 
protectors, relays etc. 

With available microprocessor technology, a single lED unit can now perform 
multiple protective and control functions, whereas before microprocessors a unit 
could only perform one protective function. A typical lED today can perform 5 
to 12 protection functions and 5 to 8 control fiinctions, including controls for 
separate devices, an auto-reclose function, self-monitoring function, and 
communication functions etc. It can do this without compromising security of 
protection - the primary function of lEDs. 

The study team estimated the cost of incorporating lEDs to monitor and control 
critical functions at substations at an average cost of S110,000/substation, and 
assumed approximately 80% of the substations would be brought up to Smart 
Grid levels by 2030 and 100% of new substations would incorporate them. 
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Table SI 2 

Cost of Intelligent Electronic Devices 




v--:' ■ 

,% 

Cost/ 
Unit 
low S 

Cost/ 
Unit 
High S 

Total 

Cost 

Low- 

High 

$M 

Intelligent 
Electronics & 
Sensors 

: 58,027 

Number of 
existing 
substations 

80 

110,000 

110,000 

5,106- 

5,106 

intelligent 
Electronics 
Devices jlED)- 
Reloys & 
Sensors 

8,423 

Number of 

new 

substations 

100 

110,000 

110,000 

927-927 


Phasor Measurement Technology 

Phaser measurement units (PMUs) or synchrophasors provide real-time 
information about the power system’s dynamic performance. Specifically, they 
take measurements of electrical waves (voltage and current) at strategic points in 
the transmission system 30 times/second. These measurements are time stamped 
with signals from global positioning system satellites, which enable PMU data 
from different utilities to be time-synchronized and combined to create a 
comprehensive \new of the broader electrical system. Widespread installation of 
PMUs will enhance the nation’s ability to monitor and manage the reliability and 
security of the grid over large areas. 

Synchrophasor technology has demonstrated the potential to enhance grid 
planning and operations processes. Recent industry R&I) efforts have focused on 
developing a variety of applications including situational awareness, small signal 
stability behavior, event analysis, model validation, state-estimation 
enhancement, and on-line voltage stability assessment. Currently, about 150 
PMUs have been installed in North America (as shown in Figure 5-12), and over 
850 additional PMUs will be installed during the next 3 to 5 years across the 
U.S., as part of the DOE Smart Grid Investment Grant. While the industry 
continues to explore the use of PMU data in real time and off-line environments, 
the lack of killer applications has impeded the widespread use of synchrophasor 
technology. A concerted industiy' R&D effort is warranted among the research 
community, end users (grid operators and planners) and EMS vendors to 
produce production-grade PMU data applications for the users. To that end, 
EPRI is collaborating with the industry by forming an executive team to help 
accelerate the deployment of advanced control room applications. 

PMUs provide system operators with feedback about the state of the power 
system with much higher accura<y than the conventional SCADA systems which 
tj'pically take observations every four seconds. Because PMUs provide more 
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precise data at a much faster rate, they provide a much more accurate assessment 
of operating conditions and limits in real time. 

The ultimate link between PMUs and other Smart Grid technologies is only now 
beginning to be revealed. PMUs are themselves an enabling technology that may 
make investments in advanced communication infrastructures and lEDs more 
desirable. The full potential benefits of PMUs will not materialize by simply 
installing PMUs. Wide area measurement systems (WAMS) or wide area control 
systems (WQACS), which include PMUs, communications infrastructure, other 
control devices and software application algorithms, will be required to fully 
realize the potential for PMUs. These other costs are included under separate 
headings. 

The study team expects utilities to install approximately 1,250 PMUs throughout 
the grid over the next 20 years at a total cost of $26-39 million. 



Figure 5* 1 2 

Phaser Measurement Units (PMUs) Installed in North America as of September 
2009 
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Table 5^1 3 

Cost cf Phaser Measurement Units 


Technology 

tti^ 

■■ ■ 

% 

Cost/ 

Unit 

Lows 

Cost/ 

Unit 

HighS 

Total 

Cost 

Low- 

High 

$M 

Phaser 

Measurement 

1,250 

; Numbers of 

100 

125,000 

125,000 

156-156 


Units (PMUj 


Cyber Securily 

Electric utilities have been incorporating cyber security features into their 
operations since the early 2000s. In recent years as the Smart Grid became 
increasingly popular, cyber security concerns have increased significantly. While 
there have to date been few reliable reports of cyber attacks on power systems, 
there is a great deal of urban lore which suggests alleged attempts to disrupt the 
reliability ofU.S. electricity supply. 

Cyber security is an essential element of the Smart Grid. It is the protection 
needed to ensure the confidentiality and integrity of the digital overlay which is 
part of the Smart Grid. 

The North American Electric Reliability Corporation (NERC) has created eight 
Critical Infrastructure (CIP) Standards. These include standards for Critical 
Cyber Asset Identification (CIP002) and Security Management Controls 
(CIP003) as well as others. Meeting these standards are part of Smart Grid costs. 

At present, utilities are considering cyber security as part of information 
technology (IT) projects for; 

■ Advanced metering infrastructure 

■ Plug-in electric vehicle (PEV) management systems 

■ Distribution automation 

■ Substation automation 

■ Transmission upgrades 

Interviews with industry suppliers by the EPRI team indicate that as a percentage 
of IT project costs, cyber security costs range from 10 to 15% of SCADA and 
distribution automation and approximately 20% for AMI. 

Cyber security costs vary by the size of the utility. Urban utilities are likely to be 
more aggressive in Smart Grid deployment than suburban or rural utilities. For 
purposes of estimating cyber security costs, three utility sizes were used - small, 
medium, and large - corresponding to rural, suburban, and urban. 
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Mere compliance with q^r security standards will not assure security. It is 
assumed large utilities will use applicable industry standards and best practices, 
including emerging security standards like NIST’s Smart Grid Interoperability 
Standards Framework and AMI-SEC Sptem Security Requirements, for end- 
to-end security of the Smart Grid. Most will implement intrusion detection and 
prevention services (IDS/IPS) ^ well as security information event management 
(SIEM). They will likely use a system-of-systems approach to cyber security by 
deploying International Organization for Standardization and International 
Electrotechnical Commission (ISO/IEC), National Security Agency InfoSec 
Assessment Methodology (NSA lAM), Information Systems Audit and Control 
Association (ISACA), and International Information Systems Security 
Certification Consortium (ISC2). 

Many utility AMI s)^tems will likely use a certificate-based solution for 
identifying and authenticating trusted devices, authorizing commands and 
encrypting communications between user entities (people, programs, devices). 
This solution applies industiy standard cryptography to privatize all data 
transmissions and ensures that communications between authorized entities are 
confidential, trusted and legitimate. 

There is very little information available as to what actual cyber security costs are. 
To make estimates, the project team interviewed IT suppliers who specialize in 
cyber security. As a result, these estimates were developed; 


Table 5-14 

Estimates of Cyber Costs by Utility Size 



biMai Cy<Mr Ce«(i 
$K/UKIi)y‘ 

Ongoing Cyber Costs 
$K/Year 

Small 

100 

10 

Medium 

400 

40 

Large 

2,200 

200 

*To be renewed every 

1 0 years 



To categorize utilities into small, medium and large, the team first identified 
investor-owned utilities (lOU), rural electric cooperatives (Co-ops), municipal 
utilities (Munis), and Power agencies. To estimate the number of utilities which 
would need to make provisions to engage in investments to secure their Smart 
Grid-related cyber information technology activities, the project team used Platt’s 
2010 Directory of Electric Power Producers and Distributors (Platts, 2009). 

Platts estimates that there are a total of 342 investor-owned utilities (lOUs). 

This includes 60 holding companies, 29 transmission companies, and a number 
of other service and wholesale generation companies. Platts estimated 893 rural 
electric cooperatives (Co-ops), including both distribution and generation and 
transmission (G&T) entities. Platts’ data for municipal utilities (munis) is 
divided into mo categories: One is municipal and local government utilities; the 
second is the array of federal, state and district government utilities in the U.S. 
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Table 5-15 summarizes the Platts’ estimates. The team subsequently estimated 
the breakdown of size between each of these utility types. 


Table 5-1 5 

Breakdown of Ufiiify Types 


Type 

H 



1_ 


lOU 

342 

0 

- 

25 

86 

75 

256 

Co-op 

893 

50 

446 

40 

357 

10 

90 

Muni 

2,118 

50 

1,059 

45 

953 

5 

106 

Total 

3,353 


1,505 


1,396 


452 


Table 5- 1 6 
Cyber Cost Estimates 



Medium 

1,396 

.40 

1,116.8 

.14 

111.7 

large 

452 

2.20 

1,988.8 

.20 

108.8 

Total 

' '"13,35^7 V 


i 3407,1 


322.6 


Enterprise Back*Office Systems 


All large utilities already have enterprise back-office systems which include 
geographic information systems (GIS), outage management, and distribution 
management systems (DMS). To enable the Smart Grid, additional features will 
be required, including an historic data function in conjunction with analytic tools 
to take in data streams, compare and contrast with historical patterns and look 
for anomalies in the data. 


Enterprise systems will be needed to be upgraded by virtually aU utilities. 
Medium and large utilities will need complete systems of their own. Small 
utilities may aggregate their needs or use service providers. Table 5-17 
summarizes the project teams estimates for enterprise back-office systems. 


<5-30> 




206 


Table 5-17 

Cost of Enterprise Back Office Systems 




Back-Office Investment 
$M 2010-2030 

Each 10 Years 



Per Utility 

Total 

Small 

1,505 

1,000 

3,010 

Medium 

1,396 

4,000 

11,168 

large 

452 

20,000 

18,080 

Total 

3,353 


32,258 


Incremental Ongoing System Maintenance 

The project team estimated that the PMUs and sensors installed on transmission 
lines and substations would cause additional incremental maintenance of $50,000 
per substation. 


Tables- 18 

Smart Grid Incremental Maintenance 












b, 




tncremenfa! 

Ongoing 

Maintenance 

58,027 

Number of 

existing 

substations 

50 

50,000 

/yr 

50,000 

/yr 

15,232- 

15,232 



Number of 





Incremental 

Ongoing 

Maintenance 

8,423 

new 

substations to 
meet load 
growth 

100 

50,000 

/yr 

50,000 

/yr 

4,422- 

4,422 



Number of 





Incremental 

Ongoing 

Maintenance 

700 

new sub- 
stations to 
accommodate 

100 

50,000 

/yr 

50,000 

/yr 

368- 

368 


renewables 


Impacts on System Operators 

Independent system operators (ISOs), transmission system operators (TSOs), 
and other independent operators (referred to as ISOs here) are making 
investments in an increasingly robust communications infrastructure as well as an 
enhanced analytical and forecasting capability. These investments are being made 
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in response to requirements for ISOs to incorporate increasing functionality in 
order to maintain reliability, meet load growth, and to comply to new regulations 
which are increasing grid compliance with FERC rules, increasing the use of 
distributed resources, demand response and energy efficiency. At the same time, 
market operations arc becoming increasingly more complex, the threat of cyber 
security is increasing, and pressures is mounting to maintain costs and improve 
the use of assets, 

AH ISOs initiated these investments as part of sustaining core capabilities even 
before the nation began to evolve the concept of a “Smart Grid.” For example, 
the development of techniques for real-time simulation and enhanced 
visualization have been under development since the 1990s. Today, they are 
considered part of the Smart Grid, but would have simply been viewed as 
necessary improvements a decade ago. 

The project team identified three ISO functions which are considered part of the 
Smart Grid in this study. They include: 

1. Enhancing the visibility of the grid (transparency), increasing reliability, and 
energy efficiency. 

2. Enable the effective integration of increasing amounts of distributed 
resources including renewables, energy storage, and demand response. 

3. Enable effective response to increasingly sophisticated cyber and physical 
security threats including natural events. 
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Figure 5- 1 3 

Key Components of an ISO Infrastructure 

Figure 5-13 illustrates the key applications that form an ISO. The functional 

enhancements which the Smart Grid is expected to yield will require changes in 

these applications in the following areas: 

■ Communications — The increasing number of external interfaces will 
necessitate that telemetry data is compatible with lEC 61850. This will 
require retrofits and upgrades. In addition, the Smart Grid will contain many 
more transmission line sensors and sensors from wind and solar installations. 

■ Prices-To-Devices - Truly enabling consumers to respond to variations in 
prices and system constraints will require the ability to broadcast that 
information to consumers both through the Internet and through secure, 
automated area networks. 

■ Upgrade to NIST-Proposed Standards - The National Institute for 
Standards and Technology (NIST) has established a Smart Grid 
Interoperability Panel (SGIP), and the panel is developing Priority Action 
Plans (PAP) to encourage adoption of standard business practices and 
interface specifications. It is likely that these interfaces will require 
widespread adoption of the Common Information Model (CIM). 
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■ Forecasting - Developing far more accurate data to forecast renewable energy 
production (particularly wind and solar) including very short-term forecasts 
and ramp rates. In addition, it will be necessar}^ to forecast demand response 
participation. 

■ Cyber Security - The North American Electric Reliability Corporation is 
developing Critical Infrastructure Protection Standards (CIP) to meet Federal 
Energy Regulatory Commission (FERC) and Congressional requests. 

• Integrate Synchrophasors - Integrating synchrophasor data sources with 
visualization and to enable advanced-state estimation and dynamic stability 
analysis incorporating the data from numerous new distributed generation 
sources. 

■ Evolve New Markets - The advent of widespread consumer connectivity 
coupled with increasing participation of third parties allows for new markets 
to evolve. The ISO’s s^tem will need to be sufficiently flexible so as to allow 
the evolution of new markets. 

■ Other Applications - Individual ISOs may add other functionality like the 
ability to quickly add new market participants, to improve outage 
management data and other enhancements. 

Each of these and other features will require an ongoing investment in the ISO’s 
applications. 

The costs of the enhancements to an ISO’s system to respond to changes in the 
applications are very difficult to estimate. Each ISO is in a different phase of 
development. Each varies as to the projected nature and penetration of 
distributed resources and as to the extent of other market participants. 

The project team interviewed executives from several ISOs including PJM, 
CAISO, NEISO, and NYISO in order to establish estimates for the costs which 
an ISO will occur in order to accommodate the functionality required to achieve 
Smart Grid goals. Their informal estimates varied but generally included five or 
six full-time staff ($2.4 million per year) and at least several million dollars 
annually in software. For one ISO, this totaled 10% of its annual budget or 
$12 million per year. 

The following are the ten regional power markets in the U.S. 

■ California (CAISO) 

■ Midwest (MISO) 

■ New England (ISO-NE) 

■ New York (NYISO) 

■ Northwest 

• PJM 

■ Southeast 

■ Southwest 
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■ SPP 

■ Texas (ERCOT) 

Table 5-19 summarizes the estimated cost of alignment of ISOs with Smart Grid 
requirements. 


Table 5-1 9 

Cost to Align ISOs with Smart Grids 


Technology 







ISO Smart 
Grid 

10 

Regional 

markets 

100 

12/yr 

12/yr 

2,400- 

2,400 


Summary of Tronsmission and Subsfations Costs 

The cumulative cost for bringing the nation’s transmission and substations 
system up to the performance levels required for Smart Grid operation is 
estimated to cost between $6,312 and $7,280 million by 2030, as shown in the 
summary Table 5-20, below. Smart Grid related investment in the transmission 
system will continue well beyond 2030. This does not include related investments 
to meet load growth which are estimated to cost between $56,350 and $63,702 
million by 2030. 
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Table 5-2 1 

Smart Grid Transmission and Substation Cost to Meet Load Growth 





^ ^ i ^ 




Transmission 

Line Sensors 

8,423 

Number of 

■ new 

: substations 

100 

50,000 

100,000 

42!- 

631.7 

Communications: 

Core 

Infrastructure for 
Smart 

Substations 

8,423 

; Number of 
substations 

100 

50,000 

75,000 

421-632 

Transmission 
Systems & 
Communications 
to Substations 

8,423 

Number of 
substations 

100 

14,400 

14,400 

121-121 

Intelligent 

Electronics 

Devices (lED) - 
Relays & Sensors 

58,027 

Number of 
substations 

80 

110,000 

150,000 

927- 

1,264 

Incremental 
Ongoing System 
Maintenance 

8,423 

Number of 
substations 

100 

50,000 

50,000 

4,422- 

4422 

Total 






6,312- 

7,280 
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Figure 5-/5 

Smart Grid Transmission and Substation Cost to Meet Load Growth 
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Table 5-22 

Smart Grid Transmission and Substation Costs to Meet Renewables 


Tachnelogjr 


H 

%Sal 

Cost/ 
Unit 
low S 

Cost/ 

Unit 

Highs 

Total 

Cost 

Low- 

High 

$M 

Communications: 

Core 

Infrastructure for ■ 
Smart 

Substations 

700 

Number of 
substations 

100 

50,000 

75,000 

35-53 

Transmission 
Systems & 
Communications 
to Substations 

700 

i Number of 
substations 

100 

14,400 

14,400 

laio 

Phaser 

Measurement 

Units (PMU) 

700 

Number of 
substations 

100 

125,000 

125,000 

88-88 

intelligent 

Electronics 

Devices (lED) - 
Relays & Sensors 

700 

Number of 
substations 

100 

110,000 

150,000 

77-105 

Incremental 
Ongoing System 
Maintenance 

700 

Number of 
substations 

100 

50,000/yr 

50,000/yr 

368- 

368 

Total 






577- 

623 
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Figure 5- 1 6 

Smart Grid Trar\smission and Substation Costs to Meet Renewables 


Table 5-23 

Total Smart Grid Transmission and Substation Costs 


CoitKlo>iiih» d SHiait Grid fwicHoiwJHy White Aw 
Load OraiiMh 



Low 

High 

Transmission ond substations 

577 

623 

Total 

82^6 

90^13 


casts to Upgrads the Existing System ($M) 

Low 

High 

Transmission and substations 75, 1 57 

82,509 
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Figure 5-17 

Total Smart Grid Transmission and Substation Costs 
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Section 6: Distribution 


While a small percentage of electricity customers are served directly from the 
transmission system, the vast majority of the 165 million customers in the U.S. 
are served by the distribution system, which is comprised of a complex network 
of substations, lines, poles, metering, billing and related systems to support the 
retail side of electricity delivery. 

The study team estimated the cost of Smart Grid distribution investment 
between $309 to $403 billion over the next 20 years. 

Introduction 

Utility distribution systems are generally challenged by an aging infrastructure, 
conventional designs, and increased demands for digital-quality power. There are 
a few exceptions where distribution utilities have implemented a reasonably smart 
grid and are working to make it smarter - but these are the exception. Compared 
to the transmission system, the greater complexity, exposure, and geographic 
reach of the distribution system results in inherently lower reliability, reduced 
power quality, and greater vulnerability to disruptions of any kind. Using a 
reliability measure of average total duration of the interruptions experienced by a 
customer in a year, over 90% of the minutes lost by consumers are attributable to 
distribution events. In 2004, EPRl estimated that a fully automated distribution 
system could improve reliability levels by 40%. Advances in Smart Grid 
technologies are not a substitute for good maintenance practices, inspection, and 
vegetation management. 

Investment in the distribution system has averaged $12 to $14 billion per year for 
last few decades, primarily to meet load growth, which includes both new 
connects and upgrades for existing customers. An urban utility may have less 
than 50 feet of distribution circuit per customer, while a rural utility can have 
more than 300 feet of primary distribution circuit per customer. Assuming a 
rough average 100 feet of line for each of the 165 million U.S. customers 
indicates the U.S. has an installed base of more than 3 million miles of 
distribution line. Upgrading a system this extensive to the level of performance 
required in a Smart Grid will require a substantial investment. 

Estimates of the cost of individual distribution system components in this 
analysis were based largely upon utility experience in deploying the first wave of 
Smart Grid investment. Estimates of AMI and distribution automation 
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investment were drawn, for example, from FirstEnerg)', SCE, SDG&E, Dayton 
Power 6c Light, FortisAlberta, Inc, and Idaho Power, among others. 
Representative costs are shown in the two tables below (FirstEnerg)^, 2009). 


Table 6- 1 

Distribution Cost Esfimotes Per Feeder (FirstEnergy, 2009) 


Fimclion 

No.afFwden 

Total Co>t 

Cost/Feeder 

Distribution Automation 

59 

$18.2M 

$308,000 

Vo!t/VAR Control 

33 

$8.5 M 

$258,000 

Table 6-2 

Distribution Cost Estimates Per Customer (FirstEnergy, 2009} 


Function 

Fht. sfCusloiners 

Total Cost 

Cost/Custamer 

Direct Load Control 

34,000 

$24.6 M 

$728 

AMI with DR 

44,000 

$41.2 M 

$940 


Cost Components for the Smart Grid; Distribution 

Smart Grid investments in the distribution system entail wider high bandwidth 
communications to all substations, intelligent electronic devices (lED) that 
provide adaptable control and protection systems, complete distribution system 
monitoring that is integrated with larger asset management systems, collaborative 
distributed intelligence, including dynamic sharing of computational resources of 
all Intelligent electronic devices and distributed command and control to mitigate 
power quality events and improve reliability and system performance. The key 
cost components for the distribution portion of the Smart Grid are as follows: 

■ Communications between all digital devices on the distribution system 
including to feeders for AMI and distributed smart circuits 

• Distribution automation 

■ Distribution feeder circuit automation 

Intelligent reclosers and relays at the head end and along feeders 
Power electronics, including distribution short circuit current limiters 
Voltage and VAR control on feeders 

■ Intelligent universal transformers 

■ Advanced metering infrastructure (AMI) 

■ Local controllers in buildings, on microgrids, or on distribution systems for 
local area networks 

Communications 

Communications constitute the critical backbone for integrating customer 
demand with utility operations. Detailed, real-time information is key to 
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effectively managing a system as large and dynamic as the distribution power 
grid. Each smart meter in the advanced metering infrastructure (AMI), described 
later in this section, must be able to communicate with a wide range of user 
control systems, as well as reliably and securely communicating performance data, 
price signals, and customer information to and from an electric utility’s back-haul 
system. 

No single technology is optimal for all applications. Among the communications 
media now being used for AMI applications are cellular networks, licensed and 
unlicensed radio, and power line communications. In addition to the media, the 
type of network is also an important part of communications design. Networks 
used for Smart Grid applications include fixed wireless, mesh networks, and a 
combination of the two. Several other network configurations, including Wi-Fi 
and Internet networks are also under investigation. 

Interoperability remains one of the most critical success factors for Smart Grid 
communications. There is growing interest in the potential use of the Internet 
Protocol Suite (TCP/IP) as a networking protocol that could run over many 
different communication technologies. In June, 2009, EPRI submitted a Report 
to NIST on the Smart Grid Interoperability Standards Roadmap that became the 
starting point for NIST’s own roadmap, released in September, 2009 
(www.nist.gov/ smartgrid ). 

Communication architectures remain diverse for integrating residential devices 
with the grid. Some utilities envision using the meter as a gateway to the home 
for price and feedback information, whereas others envision using the Internet or 
other communication channels. Radio frequency (RF) networks communicating 
in both licensed and unlicensed radio bands and have been chosen by the 
majority of Smart Grid deployments in the U.S. Mesh networks incorporate 
multi-hop technology where each node in the network can communicate with 
any other node. Star networks utilize a central tower that can communicate with 
a large number of end devices over a wide area. Each type has certain advantages 
and disadvantages, and is selected based on the unique needs and circumstances 
of the utility. Power line carrier networks where communications are carried via 
electric power lines are also used by a large number of utilities both in the U.S. 
and abroad. 

Communications to feeders for AMI and distribution smart circuits were 
estimated to cost about $20,000 per feeder, and to be fully installed on 80% of 
existing feeders and 100% of new feeders by 2030, for a total cost of nearly $9 
billion. 


<6-3> 



222 


Table 6-3 

Cost of Communication to Feeders hr AMI 





Communication 
to Existing 

Feeders for w « w 

AMI& 

Distribution 

Smart Circuits 

Number 

of 80 

feeders 

20,000 : 20,000 7,427 

Communication 
to New 

Feeders for atoo. 

AMI& 

Distribution 

Smart Circuits 

Number 

of 100 

feeders 

20,000 20,000 1,348 


Disiribution AutomaHon 

Distribution automation (DA) involves the integration of SCADA systems, 
advanced distribution sensors, advanced lED’s and advanced two-way 
communication systems to optimize system performance. In a dense urban 
network it will also include network transformers and network protectors. The 
SCADA system collects and reports voltage levels, current demand, MVA, VAR 
flow, equipment state, operational state, and event logging, among others, 
allowing operators to remotely control capacitor banks, breakers and voltage 
regulation. Substation automation, when combined with automated switches, 
reclosers, and capacitors, will enable full Smart Grid functionality. 

This includes not only building intelligence into the distribution substations and 
into the metering infrastructure but also into the distribution feeder circuits and 
components that link these two essential parts of the grid. This means 
automating switches on the distribution s)^tem to allow automatic 
reconfiguration, automating protection systems and adapting them to facilitate 
reconfiguration and integration of DER, integrating power-electronic based 
controllers and other technologies to improve reliability and system performance, 
and optimizing s)^tem performance through voltage and VAR control to reduce 
losses, improve power quality and facilitate the integration of renewable 
resources. 

■ Intelligent head-end feeder reclosers and relays. Replacing electromechanical 
protection systems with microprocessor-based, intelligent relays and reclosers 
are an integral part of Smart Grid operation. Advantages include multiple 
fiinctioiiality, including both instantaneous and time-overcurrent protection, 
greater sensitivity, better coordination with other devices, and the ability for 
self diagnosis. Approximately 70% of all feeders will include intelligent 
reclosers and relays by 2030, at an estimated unit cost of $50,000. 
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■ Intelligent reclosers. The use of intelligent switching and protection devices 
on feeders (referred to as “mid-point or tie-reclosers”) to allow isolation of 
segments of feeders to enhance reliability. Approximately 25% of all feeders 
will have intelligent reclosers and relays by 2030 at an estimated cost of 
1100.000 toSlS0,000. 

■ Remotely controlled switches. Remotely controlled switches contain 
distributed intelligence and use peer-to-peer communications to take actions 
without the need for central control intervention in order to isolate faults and 
restore power quickly in the event of an outage. As a result, distribution 
system operators will no longer be the only ones that can perform that 
function. It is estimated that 5% of all feeders will use one remotely 
controlled switch at a cost of $50,000 to $75,000 by 2030. 

■ Power electronics, including distribution short circuit current limiters. 
Advances in power electronics allow not only greater fault protection but 
flexible conversion between different frequencies, phasing, and voltages while 
still producing a proper ac voltage to the end user. Power electronics will be 
deployed on about 5% of 57,000 substations by 2030 at an average cost 
$80, 000/package. 

■ Voltage and VAR control on feeders. Voltage/VAR controls are a basic 
requirement for all electric distribution feeders to maintain acceptable voltage 
at all points along the feeder and to maintain a high power factor. Recent 
efforts by distribution utilities to improve efficiency, reduce demand, and 
achieve better asset utilization, have indicated the importance of 
voltage/VAR control and optimization. Utilities continue to face system 
losses from reactive load, such as washing machines, air conditioners. By 
optimizing voltage/VAR control great efficiencies can be realized. An 
estimated 55% of the 566,000 distribution feeders will include voltage/VAR 
control by 2030, at an average cost of $258, 000/feeder. 

Smart Grid software will be able to combine information flowing from the 
automated substations with SCADA data points throughout the distribution 
system to analyze and recommend re-configuration of the distribution system for 
optimum performance. Circuit optimization will minimize line loses and 
integrate customer data from AMI to regulate voltage while stiU maintaining 
acceptable levels for customers. This functionality will help support conservation 
voltage reduction (CVR) strategies to achieve energy savings. As the Smart Grid 
evolves, this one dimension of optimization will expand to include optimization 
of reliability, power quality and asset management - among others. 

By 2030, an estimated 55% of all existing distribution feeders will be integrated 
with advanced distribution automation sj'stems at a cost of $308,000 per feeder, 
and 100% of all new feeders will be equipped by 2030. In this analysis, there are 
additional costs assumed for automation of the feeders themselves. The Smart 
Grid investment of distribution automation is estimated at nearly $96 billion, as 
shown in Table 6-4. 
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Table 6-4 

Cost of Distribution Automation 






Distribution 

464,216 

Automation 

Number 

of 

existing 

feeders 

55 

Varies 

,, . 124,134- 

Varies 177008 

Distribution ■ r 

. , 67,384 of new 

Automation : , , 

feeders 

100 

308,000 

20 754- 
308-000 30-754 


As shown in Table 6-5, the total investment required for distribution feeder 
automation exceeds $92 billion from 2010 to 2030. 
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Intelligent Universal Transformers 

Conventional transformers suffer from poor energy conversion efficiency at 
partial loads, use liquid dielectrics that can result in costly spill cleanups, and 
provide only one function— stepping voltage. These transformers do not provide 
real-time voltage regulation nor monitoring capabilities, and do not incorporate a 
communication link. At the same time, they require costly spare inventories for 
multiple unit ratings, do not allow supply of three-phase power from a single- 
phase circuit, and are not parts-wise repairable. Future distribution transformers 
will also need to be an interfece point for distributed resources, from storage to 
plug-in hybrid electric vehicles. 

The intelligent universal transformer (lUT) is a first-generation, power- 
electronic replacement of conventional distribution transformers. EPRI has 
developed an lUT which can serve as a “Renewable Energy Grid Interface” 
(REGI). The new concept includes a bi-directional power interface that provides 
direct integration of photovoltaic systems, storage systems, and electric vehicle 
charging. It will also incorporate command and control functions for system 
integration, local management, and islanding. 

REGI will become a key enabler in the overall Smart Grid development strategy. 
It plays a transformational role by combining the traditional functions of a power 
transformer with new interface capabilities. It can seamlessly integrate 
widespread renewable energy technologies, including energy storage, electric 
vehicles, and demand response, while also providing an architecture that allows 
the operation of reliable local energy networks. The controller will interface with 
distribution management systems, energy management systems, and demand 
response systems to optimize overall grid performance and improve reliability. 

The cost of the lUT, as shown in Table 6-7, are expected to decline dramatically 
over the next 20 years, from S1.50 to 2.00AV today to $0.20AV in 2030. As a 
result, deployment is expected to grow rapidly, from for example, 10,000 25-kW 
units in 2015 to 1 million in 2030. 
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Table 6-7 

Declining Costs and Growing Deployment of the lUT 


lUT 

2010 




2030 

$/Watt With 

$1.50- 

$2.00 





Storage integration 
Option 

$.75 

$.50 

$.35 

$.20 

25 kW No. Units 

Demo 

lOx 10" 

50 X 10" 

200 x 10" 

1 X 10" 

50 kW No, Units 

Demo 

5x 10" 

25x 10" 

100 X 10" 

500 X 10" 

$/watt With PV 
Inverter 

$3.oa 

$1.00 

$.75 

$.50 

$.35 

$.20 

25 kW No. Units 

Demo 

lOx 10" 

50 X 10" 

200 X 10" 

1 X 10" 

50 kW No. Units 

Demo 

5x 10’ 

25x 10" 

100 X 10" 

500 X 10" 


Total Smart Grid investment in lUTs through 2030, based upon the expected 
deployment of three million units, ranging in cost from $7,500 to $100,000, is 
$76 to $131 billion, as shown in Table 6-8. 


Table 6-8 

Cost of Intelligent Universal Transformers 



— 

^ A 

PT" A F • , 

-II 


L_ 


Intelligent 

Universal 

Transformer 

With 

Storage 

1,500,000 

Number 

of 

various 

37,500 

100,000 

12,563- 

12,688 

Intelligent 
Universal 
Transformer 
With PV 
Inverter 

1 ,500,000 

Number 

of 

various 

7,500 

50,000 

12,437- 

12,937 

Total lUT 
Cost 

3,000,000 

Number 

of 

various 



25,000- 

25,625 


Note: It is assumed that 50% of lUTs wiE be instaEed on existing feeders and 
50% wEl be installed on new feeders added for load growth. 


’ lUT may include some part of energy storage costs. Energy storage cost would be 
$500/ kWh of storage instaUed. 
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Advanced Metering Infrastructure (AMI) 

An advanced metering infrastructure (AMI) involves two-way communications 
with smart meters, customer and operational data bases, and various energy 
management systems. AMI, along with new rate designs, will provide consumers 
with the ability to reduce electricity bills by using electricity more efficiently, to 
participate in Demand Response Programs and to individualize service, and 
provide utilities with the ability to operate the electricity system more robustly. 

Smart meters are the main component of AMI and generally the first technolog)' 
deployed by an electric utility in a Smart Grid program. Although smart meters 
have been used by commercial and industrial customers for decades, only recently 
have they become economical for widespread use in residential settings. The 
broader AMI system in which smart meters operate involves the two-way 
communication network to exchange energy usage, price and curtailment signals, 
and operational control signals. Integral to AMI is a common enterprise bus 
network architecture linking all key enterprise systems including meter data 
management, customer care, auto-demand response system, and energy 
management. The goal is to provide a highly secure, resilient and flexible 
technology upgrade to the core business of electric utilities and to integrate 
electricity usage into Smart Grid dynamics. Three basic functions are involved: 

■ Smart meters capable of two-way communication with the utility, remotely 
programmable firmware, and, optionally, a remotely manageable service 
disconnect switch. In addition to consumption measurements, smart meter 
functionality includes: voltage measurement and alarms that can be 
integrated with distribution automation projects to maximize CVR benefits, 
and interval data to support dynamic pricing and demand response programs. 

■ Communications system that is highly secure (encrypted), redundant and 
self-healing, and related hardware and software systems to communicate 
between smart meters, substation and distribution automation equipment, 
customer energy management systems, and head-end software applications / 
meter data management systems. 

■ Meter data management system capable of storing and organizing data, 
allowing for advanced analysis and processing, and interfacing AMI head- 
ends with a range of other enterprise software applications. 

AMI Cost Assumptions 

■ Residential meter costs are based more on volume than other factors 

Meter + AMI S40-80/unit 

Meter + AMI + Disconnect $70-130/meter 

Meter + AMI + Disconnects HAN S80-140/meter 

■ Commercial and Industrial meter costs are based more on features selected 
than other factors. 

Meters communications $120-150/meter 
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~ GT&D 
Meter 

■ Installation costs 

Residential 

Commercial and industrial 
AMI network and backhaul equipment 
Head end software and integration 
System initiation and management 

■ Ongoing maintenance 

AMI Costs for the Smart Grid 


$1500-5000 

17-10/meter 

l20~65/meter 

$3-n/endpomt 

S4“10/endpoint 

$2-4/endpoint 

$3-1 1/year/endpoint 


Based upon these unit costs and the assumption of an average of 83% saturation, 
the total costs for the AMI portion of Smart Grid investment from 2010 to 2030 
ranges from $15 to $42 billion, as shown in Table 6-9. 
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Controllers for Locoi Energy Network 

Local energy networl^ are means by which consumers can get involved in 
managing electricity by reducing the time and effort required to change how they 
use electricity. If usage decisions can be categorized so they are implemented 
based on current information, and that information can be readily collected and 
processed, then consumers will purchase and operate such a system, install and 
operate a home area network (HAN.) A HAN is an electronic information 
network, connected to a central or “master” control which acts as an energy 
management system (EMS.) The HAN accommodates the flow of information 
to and from network nodes. Each node is associated with a device or element of 
the household’s electric system. Nodes can be hard-wired devices that account for 
substantial portions of electricity used like the HVAC, a pool pump, lighting 
circuits, or smaller plug loads like TVs, entertainment centers, and a multitude of 
chargers. Communication among devices and the EMS is accomplished through 
wireless, wired, or power line carrier media that define and make operational the 
HAN. 

An EMS is a decision processor which controls energy use within the building, 
organizes response to Demand Response participation, controls distributed 
generation, electric vehicle charging and storage and interfaces with retail 
electricity markets. An EMS is an intelligent device that acts as the coordinator 
for the devices that comprise the home area network. It maintains certain user- 
defined rules for interior temperature settings as well as when appliances and 
other household loads should not ever turn off These rules can be based on the 
price of electricity at a particular instance of time (e.g., when it exceeds some 
threshold), on current conditions (e.g., the time of day a household service is 
typically expected to run), or in response to a command to do so from an external 
agent (e.g., a curtailment order from a curtailment service provider). 

The EMS is the controller, making decisions based on exigent conditions viewed 
in light of a predefined instruction set, and the HAN is the neural system that 
conveys information about the state of the nodes and delivers commands and 
verifies their receipt and enactment. The EMS is an electronic device whose 
purpose is to manage household electricity consumption better than the 
household can do so in its absence. Achieving that result requires the very 
difficult task of understanding how the household members use and value 
electricity, establishing ways for them to negotiate differences in value systems, 
and establishing a holistic household utility function that establishes the relative 
value under different system states and executes pre-established operational 
decisions. 

Architectures are evoMng for marrying the Smart Grid with low-carbon central 
generation, local energy networks (LEN) and electric transportation. LEN 
includes a combination of end-use energy service devices, distributed generation, 
local energy storage, and integrated demand-response functions at the building, 
neighborhood, campus or community level. These architectures to facilitate a 
highly interactive network based upon a distributed, hierarchical control structure 
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that defines the interactions of LEN, distribution systems and the bulk power 
system (Gehings, 2010). 

These architectures facilitate the inclusion of multiple centralized generation 
sources linked through high-voltage networks. The design implies full flexibility 
to transport power over long distances to optimize generation resources and to 
deliver the power to load centers in the most efficient manner possible. In 
particular, these architectures enable the inclusion of inherently less controllable 
variable resources such as wind, solar and certain kinetic energy sources by 
offering a variety of balancing resources. To enable integration of these elements, 
these architectures must address the key transformative technical challenges 
shown in Table 6-11. 

TabSe 6- / / 

Key Technical Challenges for Tomorrow's Distribution Architecture 
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The concept of these distribution architectures is to optimize performance locally 
without complete dependence on the bulk power system infrastructure by taking 
advantage of the overall infrastructure to optimize energy efficiency and energy 
use. A key transformative element will be the development of distributed, 
intelligent control devices that will be able to constantly balance generation and 
load and more at the device, home, neighborhood, city, area and regional levels. 
To achieve this vision, specific controllers will need to be designed and 
prototy'ped, tested and demonstrated in field applications to verify their 
interactions. 

One of the key advantages of the new architecture is the efficiency that can be 
achieved in terms of energy savings and tons of avoided emissions. Estimated 
energ)^ savings by 2030 are between 56 to 203 billion kWh, with a corresponding 
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reduction in annual carbon emissions of 60 to 211 million metric tons of CO 2 . 
On this basis, the environmental value to the U.S. is equivalent to converting 14 
to 50 million cars into zero-emission vehicles each year (EPRI 1016905). 

As shown in Table 6-12, the estimated cost of local energ)-^ network (LEN) 
controllers by 2030 is roughly $3 to $6 billion. 

Table 6-12 

Cost of Controllers to Enable Local Energy Networks 


ToM % Cost/Unir Cost' Unit LowHigh 


Technology 

Units 

i£r ' 

M 



$M 

EMS 

Controllers 
for local 

Area 

Networks 
(LEN) on 
Existing 

System 

464,216 

Number 

of 

feeders 

10 

50,000 

100,000 

2,321- 

4,642 

EMS 

Controllers 
for Local 

Area 

Networks 
(LEN) on 

New Feeders 

67,384 

Number 

of 

feeders 

25 

50,000 

100,000 

842-1,685 


Summary of Distribution Costs 

The cumulative cost for bringing the electrical distribution system up to the 
technology levels required for the Smart Grid is estimated at $167 to $249 billion 
by 2030. Smart distribution investment will continue well beyond 2030 and will 
be influenced by the increasing functionality and lower costs of future technology 
as well as the changing needs of the full array of consumers. 


Table 6- 1 3 


Smart Grid Costs for Upgrading the Existing Distribution System 

Technology Group 

TiMol Coit $M 

Low High 

Distribution Automation 

124,134 

177,008 

Intelligent Universal Transformers 

25,000 

25,625 

Advanced Metering Infrastructure 

15,513 

41,915 

LEN Controllers 

2,321 

4,642 

Total 

166,968 

249,190 
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Figure 6- 1 

Smart Grid Costs for Upgrading the Existing Distribution System 
Table 6-14 

Smart Grid Costs for Distribution System to Meet Load Growth 


T«h„^0««p 

Total Cc 

Lew 

mISM 

Meh 

Distribution Automation 

38,948 

54,059 

intelligent Universal Transformers 

25,000 

25,625 

Advanced Metering Infrastructure 

3,365 

8,850 

LEN Controllers 

842 

1,685 

Total 

68,155 

90,219 


<6-18> 




237 



Distribution Intelligent Advanced Metering LEN Controilere 

Automation Universal Infrastructure 

Transformers 


Figure 6-2 

Smart Grid Costs for Distribution System to Meet Load Growth 
Table 6-15 

Total Smart Grid Distribution Costs 

Coffs fe Upgrade the Exifling Syifeem ($M) 


low High 

Distribution 164,647 249,190 

Cotls lo Embed Smart Grid Fundiqnalily While 
Accommadafing Lead Grawrii ($M} 

Lew High 

Distribution 67,313 90,219 

Total 231,960 339/409 
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Figure 6-3 

Total Smart Grid Distribution Costs 
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Section 7: Customers 


The Smart Grid allows the electricity customer to become fully integrated with 
the traditional electricity supply system. Such integration began decades ago with 
commercial and industrial accounts, but with more advanced and lower cost IT 
and communications technology, it is beginning to gain traction with residential 
customers. In 2008, FERC estimated 4.7% of the U.S. customers had advanced 
meters, and that 8% of U.S. customers were engaged in some form of demand 
response (DR) program. These programs increased the nation’s demand- 
response potential to 5.8% of peak demand by 2008, or more than 40,000MW. 
DR potential is expected to grow rapidly over the next 20 years as AMI fully 
saturates the market. 

introduction 

There are more than 142 million customers in the U.S., of which 13% represent 
commercial and industrial accounts. The customer base is expected to grow 16% 
over the next 20 years to more than 165 million as shown in Table 7-1. However, 
since most consumer appliances will by then be DR-ready, the actual number of 
individual communication-connected end nodes will more than double. 

Table 7-1 

U.S. Electricity Customers 


Numbnr EhKhk 
CuMoRMn 

2007 


• . 

Residential 

123,949,916 

143,928,676 

19,978,760 

Commercial 

17,377,219 

20,178,151 

2,800,932 

industrial 

793,767 

921,709 

127,942 

Transportation 

750 

750 

0 

Total 

142,121,652 

165,029,286 

22,907,634 


Over the next 20 years, integrating the customer into the Smart Grid will enable 
new functionality to take hold: 

■ Increase demand response capabilities and enable time varying rates to 
reduce costs, improve load factors, and optimize the economic performance 
of the grid. 
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■ Facilitate integration of DER, including a variety of customer-owned 
systems, such as rooftop photovoltaic (PV) systems. 

■ Integrate the transportation system into the grid via electric vehicles (EVs) 
and plug-in hybrid electric vehicles (PHEVs), which can provide the 
distributed means for large scale electricity storage for the grid, balance daily 
load cycles, and substantially reduce the nation’s oil dependency. 

■ Improve energy management in the home and commercial buildings, 
reducing peak demand and improving energy efficiency via intelligent agents. 

■ Optimize grid performance by using the demand-side as a resource for 
stabilizing the grid, for shaving peak demand, and for reducing the capital 
investment requirements for peaking generation. 

Many of the experts who are studying the Smart Grid are increasingly adopting 
the view that a truly Smart Grid should require as little consumer participation as 
possible. The Smart Grid does not require consumer participation to succeed. 

To date, the cost components of the Smart Grid related to the electricity 
customer have been limited to the costs of grid integration, and exclude costs 
borne by the consumer to purchase appliances and devices or in enabling the 
intelligent devices necessary to minimize their direct participation. While, this 
study does include the costs of the engineering development costs of DR-ready 
appliances, it does not include the consumer’s purchase of energy efficient or DR 
ready appliances such as PEVs, air conditioners, washing machines, refrigerators, 
energy efficient devices, and low-value distributed storage. These costs are 
excluded for the following reasons: 

1. Increasingly the performance criteria for energy efficient devices and 
appliances are driven by Federal Appliance Efficiency Standards and, to 
some extent energy efficiency provisions of individual State building codes 
and standards and not as a result of Smart Grid activities. 

2. The hypothesis used in this report is that appliances manufactures will be 
able to include DR ready capability in appliances for little or no marginal cost 
except for some initial expenses included here. The development of 
advanced appliances is enabling increased on board processing such that DR 
ready features will evolve with no marginal cost to consumers. Therefore 
there is no additional cost which should be attributed to the Smart Grid. 

3. Decisions to purchase Plug-in Electric Vehicles are completely independent 
of Smart Grid investments and are not be included in estimating Smart Grid 
costs. 

4. Albeit impossible to predict, there is growing belief that the enabling 
technologies to engage with consumers and their end use appliances and 
devices will originate from entities outside the traditional electric utility 
industry as part of a service bundle. These providers may include entities like 
internet search firms, software companies, consumer electronics or IT 
manufacturers and communications providers. As the capital costs associated 
with these technologies will be minimal and unknown, they are not included 
in the Smart Grid estimates in this report. 


<7-2 > 



241 


This distinction is shown in greater detail in the Approach section, “What’s In 
and What’s Out” in Table 3-1, The total cost of the consumer portion of the 
Smart Grid, as shown in this section, is estimated at $32-56 billion by 2030. 

Cost Components of the Smart Grid: Consumer/Customer 
Technologies 

The key components for the customer portion of Smart Grid costs are listed 
below: 

■ Integrated inverter for PV adoption 

■ Consumer EMS portal and panel 

■ In-home displays 

■ Grid-ready appliances and devices 

■ Vehicle-to-grid two-way power converters 

■ Residential storage for back-up 

■ Industrial and commercial storage for power quality 

■ Commercial building automation 

Who Will Bear These Costs? 

Costs in this section are labeled as “customer” costs. However, it is not the intent 
of the authors to imply that the consumer directly bears these costs. Nor are they 
necessarily costs that will be borne by the utility to integrate them, or a 
combination of customer and utility costs. These are costs which must be borne 
by society and paid directly, bundled with other goods and services or otherwise 
included by the utility in its cost of service. Like the other technologies, these are 
critical to achieving the vdsion of a Smart Grid. 

PV Inverters 

Inverters are microprocessor-based units used to transform dc to ac power that 
can be used to connect a photovoltaic (PV) system with the public grid. The 
inverter is the single most sophisticated electronic device used in a PV system, 
and after the PV module itself, represents the second highest cost. It is also 
considered the weakest link. Whereas, solar panels are very robust and carr)'- 
25'year warranties, inverter warranties have traditionally been in the 5 to 10 year 
range. Inverter reliability, however, has been trending up. 

There are many types of inverters. Some are stand-alone units isolated from the 
grid and used to support a stand-alone rooftop system; others are grid-tied, in 
which case the microprocessor circuits are more elaborate and require additional 
functionality, including lightning protection. Central inverters are used in large 
applications. Many times they can be connected according to "master-slave" 
criteria, where the succeeding inverter switches on only when enough solar 
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radiation is available. Module inverters are used in small photovoltaic systems, 
such as household rooftops. 

A new generation of micro-inverters holds promise to increase PV performance. 
With current PV design, all solar panels are connected in series, so that if any 
panel in the series is shaded, it brings down the performance of the entire system. 
Moreover, for a series module to work, all panels have to have the same 
orientation and tilt, which limits roof top configuration. The micro-inverter 
scheme, on the other hand, allows each panel to be connected to its own micro- 
inverter, increasing overall system performance and providing flexibility for the 
staggered roof designs of many modern homes. Austin Energy, among others, is 
testing new micro-inverter designs. 

The study team estimated the aggregate cost of inverter integration with lOMW 
of PV capacity by 2030 at a unit price of $800-1000/kW at $8-10 billion. 

Table 7-2 

Cosf of PV Inverters 


Technology 




■r. 



integrated PV 
inverter 

10,000 

kWof 

distributed 

PV 

100 

800 

1000 

800-1,000 


Residential Energy Management System (EMS) 

A residential EMS is a system dedicated (at least in part) to managing systems 
such as building components or products and devices. Residential EMS systems 
are not typically called “portals” in todays parlance. Portal is a term commonly 
applied to a web portal. This subdivides into several components including 
resident EMS and intelligent home devices (IHD). In addition the system may 
handle customer preferences and occupancy via a schedule, on-demand, or occu- 
pancy sensing automation. The line between a residential management system 
that handles lighting, family calendars, shopping or replenishment, and an EMS 
has become fuzzy. While proponents of a dedicated device propose that a 
homeowner wiU eventually purchase such a device, we are seeing parallel 
development of other approaches where the core of the system is a software 
application bundled on a server located at a third-party data center. 

Online energy management portals offer customers insight into their energy 
usage and automatic management of energy efficiency. Through a central view 
on a web page, for example, customers can access current energy usage statistics, 
historical usage patterns, and the amount of carbon dioxide emissions avoided by 
utilizing a renewable energy source. The portal can also display price signals and 
tie a customer’s energy consumption and production patterns into their utility’s 
rate schedule. Current standards developments may also enable effective 
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aggregation and third party information sharing that will impact the adoption of 
a residential EMS. As of the writing of this document, preliminary information 
regarding consumer purchases of advanced residential EMS systems show 
promise but adoption to date has been low. 

These aspects make it difficult to pin the price tag onto the residential EMS. 
Many components have a dual purpose and exist under separate financial 
justifications. Consumer reluctance to purchase an EMS may be driven by on- 
line options that could replace key parts of the functionality of an EMS. These 
issues could either imply that the cost per customer is low, or the penetration rate 
is low. However, the end result should be similar regardless of which way we 
apply this observation. 


Based on the plurality of the residential EMS architecture paths, the study team 
held the residential EMS estimate to 10% of the customer base by 2030 at an 
average cost $150 to $300, yielding a total cost of $2.2 to $4.3 billion. 


Table 7-3 

Cost of EMS Portals 
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In-Home Displays and Access to Energy Information 

Providing real-time feedback on energy consumption holds significant promise to 
reduce electricity demand. Several studies over the past 30 years have evaluated 
the effectiveness of energy savings from home energy displays of varying 
sophistication. Most of these studies verified savings between 5% and 15% with a 
longer-term sustained impact toward the lower end of this scale. Other studies 
have found that information alone does not appear to be sufficient to achieve 
appreciable reductions. People need a strong motivation to change, such as 
compensation, confidence they can change, and feedback that changes they do 
make are having an impact. In addition this feedback must be easy and 
trustworthy. As such, most successful approaches provide more frequent 
feedback, as well as feedback on specific behatiors. 

As the Smart Grid unfolds, various methods to provide energy, cost, and 
environmental information are beginning to emerge. A specific class of stand- 
alone devices has been utilized extensively and is referred to as the in-home 
display (IHD). Typically, IHDs present basic information, such as real-time and 
projected hourly electricity cost and electricity consumption (kWh). Some can 
display additional information, such as electricity cost and consumption over the 
last 24 hours, the current month (and/or prior month) consumption and cost, 
projected usage, monthly peak demand, greenhouse gas emissions, and outdoor 
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temperature. A simiiar approach is a component of a prepayment syvStem, also 
known as a pay-as-you-go s)^tem, since these also have a display. The very 
nature of the pay-as-you-go billing encourages consumers to keep an eye on the 
display to monitor their usage and know when they will need to replenish their 
energy account. 

In contrast, there are simpler approaches that may not be quantitative. That is, 
they do not include feedback on electricity consumption or electric demand. Such 
devices do not require direct attention, but effectively communicate information 
peripherally. For example, a small glowing ball has been used to indicate a higher 
electric price or energy demand by changing colors. Other implementations have 
developed a simple plug-in device with red, green, and yellow lights as simple 
indicators of energ)' demand or price. 

Small-scale demonstrations have utilized more sophisticated home energy 
displays. Typically, they provide much greater detail about electricity 
consumption broken down by different end uses, or circuits, and use richer 
display graphics. In most cases, these advanced displays are part of a more 
comprehensive system that may have many features beyond energy management. 
This makes allocation of the Smart Grid component cost more difficult to pin 
down since energy management may not be the driving force behind the decision 
to interact with the device. 

Alternative methods to provide energy information to the consumer continue to 
emerge. As the standards development processes move forward, additional 
innovations in this area will continue to become available. Some of these 
products offer an alternative to the dedicated II ID device or at least a subset of 
functionality. Although the consumer must have a physical means to view the 
information, the means may already exist in some form such as the PC/laptop, 
cell phone and PDA. Additional developments might use any products with a 
consumer facing display as a location to display energy information. This includes 
appliances, security systems and any new consumer product categories that may 
be on the drawing board. 

Standards resulting from the NIST PAP 10 work may allow product 
manufacturers the option to include energ}'^ information on multi-purpose devices 
and “other-purposed” devices. This will tend to eliminate or hide the cost making 
it difficult to identify the cost of access to the energy consumer energy 
information. This could be accommodated in the cost estimates by indicating 
that the cost per customer becomes lower over time. This could also be 
accommodated by indicating that the penetration rate of the stand-alone single- 
purpose IHD will not ramp up over time due to the alternative methods of 
information access. With this understanding in mind, the study team estimated 
20% of utility residential customers would have an in-home display by 2030. The 
average cost was estimated at $20 to $50 per unit leaving the Total Smart Grid 
cost estimate at S1.4 to 2.9 billion for this item. 
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Grid-Ready Appliances and Devices 

Grid-ready appliances do not require truck rolls to retrofit with remote 
communications and control capabilities. Grid-ready appliances and devices, 
which are often referred to as “DR-ready,” are manufactured with demand- 
response (DR) capabilities already built in. The universal entry of grid-ready 
devices into the marketplace, which is fully anticipated to take shape in the next 
several years, will lead to ubiquitous demand-response capability. 

The average American home has 4.67 appliances per home, with the refrigerator 
being the most universal (99.8% of U.S. households have a refrigerator based on 
U.S. Census data). The number of households in the U.S. is projected to reach 
143,928,676 by 2030. The study team assumed that the first grid-ready 
appliances will start to appear in 2011. The penetration of DR-ready appliances 
is expected to approach 40% over the next 20 years. To account for homes with 
electric water heating and air conditioning “appliances,” the team increased the 
average to 5.67 appliances per home. The reader could argue that many water 
heaters are electric and not every home has AC. There is a balancing argument 
that the number of appliances per home may also grow, leaving the team 
comfortable with the 5.67 appliances per home as being a reasonable estimated 
average. 

By using data from AHAM (Association of Home Appliance Manufacturers) for 
the life expectancy of major appliances, the team used the average life expectancy 
of 13.91 years for each appliance. By dividing this into the 20-year span of the 
study, the average appliance would be replaced 1.44 times during this time. 

Sales figures indicate that a single year of appliances sales has trended toward 
10% of the current installed base. This number includes both new construction 
and replacement sales. Since we are using the projected number of households for 
the year 2030 which includes new construction, the replacement from appliance 
life-expectancy was used against the year 2030 households projection to avoid 
double counting. The additional cost to incorporate grid-ready functionality into 
future appliances is estimated at $10 to S20 per unit for the first generation, but 
declining to zero within 10 years as the grid-ready design becomes standard. 
Rather tlian accounting for engineering cost separately, this was included with 
the component costs per appliance. The final number should indicate the cost to 
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the consumer which includes other costs calculated from the materials and 
production costs. 

The team estimated that in the year 2011, the total consumer cost per appliance 
would be $40. This appear ^ higher costs during the first several years. Both the 
engineering cost and the component cost are assumed to reduce over time as is 
the norm in a product development cycle. In the future, the grid-ready design is 
expected to become part of a standard appliance design. Furthermore, the team 
assumed that the appliances will have communication technology built in that is 
justified for other non-energy usages and additional consumer benefits. This 
should make this cost become negligible after 10 years. 

Penetration by 2030 may be limited by consumer model selection and the fact 
that certain appliance products (such as cooking and refrigeration) may not be 
nearly as appropriate as others for grid messaging or demand management. 
Therefore, the study shows the penetration starting to level off as it approaches 
40%. The assumptions used by the study team are summarized in Table 7-5, and 
indicate the expected non-linear penetration and costs as smart-grid appliances 
enter the market. 
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Table 7-5 

Assumptions of Grid-Ready Appliance Costs 


Grid-Reody AppSance 
Costs 

Value 

Notations 

Total U.S. Households 

143,928,676 

Includes projected growth to 
2030(1} 

Total appliances per household 

4.67 

Including electric HW and AC 
12) 

Penetration by 2030 

38% 

See chart for romp up (3) 

Appliance Life Expectancy 

13.91 yrs 

Averaged from cooking, 
cleaning, food preservation 

(4) 

Rate of replacements 

1.44 

In 20 years each appliance 
will be purchased 1 .44 times 
(5) 

Estimated Total Appliances 
Purchases 

1,173,442,029 

58,672,101 per year 
average (6) 

Total Cost 

$230,531,663- 

$412,354,482 

Assumes penetration romp up 
starting between 0.2% and 
.5% in 201 1 (7) 


(1) U.S. Census information 

(2) Extrapolated from U.S. Census information 

(3) Penetration estimated. Note that Smart Grid oppliances and other products will ramp up. 
Estimated from overaging a number of informal sources (that may be changing daily). 

(4) By using data from AHAM (Association of Home Appliance Manufacturers} for the life 
expectancy of major appliances, the team used the average life expectancy of 1 3.9] years 
for each appliance. 

(5) Simple application of the average life expectancy of 13.9] years for each appliance and 
dividing this into the 20-year span of the study, the overage appliance would be replaced 
1 ,44 times during this time. 

(6) Simply the application of the other numbers and averages to determine the number of 
oppliances purchased (conversation v/ith AHAM staff), 

{7} The ramp-up rate of products containing Smart Grid enablements. As in (3) above, the 
ramp rate is orguobte and could shift widely over the time period estimated. Currently, the 
ramp-up happens at an initial pace that is defensible at this point in time. Most 
manufacturers are not willing to share a lot of sales and projected sales of new and 
unonnounced product models. 


Variables used to select the cost range are largely dependant on two factors. The 
first is the cost of the engineering and components added to the appliances. The 
second significant factor is the rate of market penetration of the Smart-Grid 
enabled appliances. Since the component cost is projected as being higher in the 
early years, as diagrammed in Figure 7-1, faster deployment can push the total 
cost of Smart Grid appliances upward. However, an earlier drop in components 
cost due to higher volume might counteract this to some degree bringing the cost 
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of common appliance Smart Grid components down earlier in the cycle. The 
range of cost of grid-read appliances was estimated between $230 to $412 
million. 


Table 7-6 

Cost of Grid-Ready Appliances 
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Figure 7- J 

Appliance Cost and Penetration 

Plug-in Electric Vehicle Charging Infrastructure and On-Vehicle 
Smart Grid Communications Technologies 

Plug-in electric vehicles (PEVs) are defined as any hybrid vehicle with the ability 
to recharge its batteries from the grid, providing some or all of its driving 
through electric-only means. Almost all of the major automotive manufacturers 
have announced demonstration or production programs in the 2010-2014 
timeframe, and their announced vehicles feature aU-electric, plug-in hybrid- 
electric and extended-range electric vehicle configurations. Notable and earliest 
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introductions among these are globally targeted production vehicles from 
General Motors (Chevrolet Volt, extended-range EV) and Nissan (Leaf, batter)^- 
only EV). It should also be noted that Tesla remains the only manufacturer today 
producing a two-seater roadster and continues to work on their lower-priced, 
family (Model S) sedan. 

EPRI is deeply involved in developing and demonstrating on- and off-vehicle 
PEV to Smart Grid connectivity technologies. Automotive manufacturers are 
bringing their early generations of PEVs designed for grid rechargability with 
uni-directional electric power flow capability (from grid to vehicle). These first 
generation of vehicles will be relying on the consumer inputs \da in-vehicle 
interactive touch panel display or through cellular/Telematics connectivity, to 
program vehicle charging, input pricing or other information related to on-board 
energy management. Given this state of technology on board the PEVs, the 
initial impetus for any type of demand response and load control as well as 
critical peak pricing program implementation has been on the off-board 
“charging” station equipment. The technical term is electric-vehicle supply 
equipment (or EVSE), given that the off-board equipment is just a glorified 
240 Volt outlet while the actual AC/DC power conversion and ener^- 
management actually occurs on-board the PEVs. The most predominant costs 
associated with the Smart Grid infrastructure capability wiU, therefore, be in 
developing Smart Grid to PEV and Smart Grid to “charging” station (aka, 
electric vehicle supply equipment or EVSE) connectivity and communications. 

All applications which may provide reverse flow power capability such as vehicle- 
to-grid (V2G) are unproven. Their impact on battery durability, 
utility/automotive/consumer acceptance, and economics are yet to be 
demonstrated. In addition, it is uncertain what services they will enable and 
whether policies and incentives will be needed to bring them to reality. V2G, 
therefore, remains an R&D agenda item of several automotive manufacturers, 
EPRI, some ISOs/RTOs, and several R&D institutions. It is, however, too early 
to predict the direction and magnitude of this technology’s installed base in the 
near future. 

In terms of load management or time shifting of the load due to PEV charging, 
both utilities and automotive manufacturers have agreed to jointly pursue 
standardization activity that will enable the PEVs to act as just another appliance 
on the AMI or HAN. Two activities within SAE, under J2836 (use cases) and 
J2847 (data specification) with e.xtensive automotive and utility participation, are 
in the process of defining the requirements for PEV to Smart Grid 
communications, which will enable the PEVs to be utility-controllable 
distributed resources for load shifting, demand response, and pricing-signaling 
purposes. ZigBce Alliance and HomePlug Alliance have created the Smart 
Energy Initiative, which is crafting the Smart Energy 2.0 (SE2.0) specification 
for AMI and HAN applicability. SAEJ2836/J2847 and SE2.0 teams are working 
together to coordinate the data exchange requirements between Smart Grid and 
PEVs. A draft Marketing Requirements Document (MRD) and Technical 
Requirements Document (TRD) are currently being refined for late 2010 
ratification. SE2.0 and J2847 are expected to define a consistent set of data 


< 7-1 1 > 



250 


specifications for the charging load of the PEVs to be controllable by the same 
utility load management s;^tems that determine demand response and load 
control signals for other loads, such as air conditioners, smart thermostats, or 
other smart appliances. The SAEJ2836 use cases include enabling PEV owners 
to enroll into utility demand response, load control and special incentive pricing 
programs and then program their vehicles to accept or reject utility requests for 
participating in demand response, load control and critical peak pricing-related 
events. 

For the first generation of PEVs, the technology options for integrating PEVs 
with the Smart Grid will reside off-board, in the form of the closed, proprietary 
networks of charging station operators such as Coulomb Technologies, 
ECOtality, and Silver Spring Networks. Whereas significant public funding to 
the tune of $300M through stimulus awards from federal government and state 
and local authorities has been directed towards focused regional charging infra- 
structure build-out, the focus has been on enabling PEV technology adoption in 
early adopter markets, rather than on scalability and cost competitiveness of these 
technologies longer term. 

EPRl’s collaborative research with the automotive industry indicates that for 
PEVs to be widely deployed, the infrastructure overhead for them would need to 
be reduced to “minimal to none,”, with each PEV carrying its own required 
technology on-board that can connect to the nearest Smart Grid node It would 
use either AMI/HAN to connect to the Smart Grid through the “front-end” or 
the on-board Telematics-based technology to connect through the “back end” to 
the utility back office systems, and to meter data management systems through 
standardized server- to-server communications. 

To this end, EPRI envisions the PEV manufacturers to quickly integrate the 
standards-driven communication technologies on-board the PEV. The only 
significant costs for “Smart Grid-enabled” PEVs will, therefore, be the cost-plus 
for incorporating the communications hardware necessary to send/receive data 
from the utility based on applicable standards. The automotive and utility 
industries have agreed for PLC- (power line carrier-) based wired interface to be 
the physical interface between the PEV and the AMl/HAN, with the 
PLC(HomePIug AV or IEEEP1901 are the currently adopted technologies) 
transceiver chipset and associated Smart Grid communications “application layer” 
software with requirements defined by SAEJ2836/J2847 and SE2.0, residing on- 
board. That would include a PLCto X bridge residing off-board, with X being 
the transport layer of the AM I/HAN network, which also implements SE2.0- 
based messaging as the application layer. 

The per-vehicle cost overhead for PLC transceiver is about S20 per vehicle in the 
near term, reducing to $10 per vehicle longer term, as PLC is already a very 
widely deployed technology. On the PLC to X bridge aspect, the X in most cases 
is ZigBee, but WiFi (802.11x-based) is also rapidly emerging as the HAN 
contender. The per-unit PLC/ZigBee or PLCAViFi chipset prices vary between 
SIO and 20 per unit as well. Given that there are likely to be 1.2 charging stations 
long term for every PEV sold, the per-PEV^ PLC to X bridge costs will run to 
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S12 to $24. Therefore, the per-PEV infrastructure costs will run to between $25 
and 50 for long-term and short-term volumes respectively. Assuming 2030 PEV 
installed base volume to be about 10 million vehicles, the cost of deploying Smart 
Grid infrastructure will approach $250 million ($25 per unit times 10 million 
vehicles) in 2030. 

Table 7-7 

Cost of Vehicle to Grid Converter 
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Communication Upgrades for Building Automation 

Today, over one-diird of the conditioned and institutional buildings in the U.S. 
have some form of energy management and control systems installed (EPRI 
101883). Automated demand response (ADR) can be accomplished by 
communicating to advanced building energy management systems using an 
Internet-communicated signal or some other form of direct link. Legacy systems 
deployed today lack this capability. Open automated demand-response (Open- 
ADR) involves a machine-to-machine communication standard that provides 
electronic, Internet-based price and reliability signals linked directly to the end- 
use control systems or related building and automated control systems (EPRI 
1016082). The building automation system is pre-programmed to reduce load 
according to the messages it receives, and it may also provide real-time energy 
consumption information back to the utility or service provider. 

Employing Open-ADR presumes the building has an advanced EMS system. 
There are two cost components that enable the building to respond to DR 
signals. The first is enable the building’s EMS to receive the DR signals. In some 
cases, this might mean upgrading the software, and in other cases, this might 
mean installing a “simple client” whose only purpose is to receive the DR signals 
and pass them on to the EMS system. One of the features of Open-ADR is to 
allow very simple and inexpensive clients to be built that can interface to existing 
EMS systems via dry-relay contacts. Diy relay contacts seem to be the near- 
universal interface mechanism for EMS s}^tems. 

The second and perhaps largest cost component is the programming of load 
control strategies in the EMS. The cost is primarily one of manpower that 
involves audits of loads in the facility and specialized knowledge of how to 
convert the EMS to implement load control strategies. Auditing building use 
and load characteristic is not a trivial exercise. In this regard, the simple response 
levels sent as part of an Open-ADR signal can be used. In many cases, it is more 
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convenient for the facility manager to think in terms of “normal, moderate, and 
high” response levels instead of prices or specific dispatch commands. Also, it is 
not insignificant that if the engineer set up their load control strategies based 
upon simple levels, then they can more easily move between different programs 
without the need to reprogram their EMS system. 

The study team estimated that by 2030 some 5% of the 20,178,151 commercial 
buildings would be upgraded to the level of complete energy automation at a cost 
of $5,000 to $20,000 per building. The total Smart Grid cost is estimated 
between $5-20 billion. 

Table 7-8 

Cost of Communication Upgrades for Building Automation 
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Electric Energy Storage 

Advanced lead-acid batteries represent the most prevalent form of electric energy 
storage for residential, commercial and industrial customers wanting to maintain 
an uninterruptible power supply (UPS) system. In the future stationaiy lithium- 
ion batteries may also be deployed for use in consumer premises. 

As shown in Table 7-9, commercial and industrial systems can supply power for 
up to 8 hours at 75% efficiency, and maintain performance through more than 
5000 cycles. Residential versions typically involve two hour duration at 75% 
efficiency and 5000 cycle performance. 

Table 7-9 

Electric Energy Storage Options for Customers 
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Both standby and online UPS technologies are available. The online UPS is ideal 
for environments where electrical isolation is necessary or for equipment that is 
very sensitive to power fluctuations. Although once previously reserved for very 
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large installations of 10 kW or more, advances in technology have permitted it to 
now be available as a common consumer device, supplying 500 watts or less. The 
online UPS is generally more expensive but may be necessary when the power 
environment is "noisy" such as in industrial settings, or for larger equipment 
loads like data centers, or when operation from an extended-run backup 
generator is necessary. 

In an online UPS, the batteries are always connected to the inverter, so that no 
power transfer switches are necessary. When power loss occurs, the rectifier 
simply drops out of the circuit and the batteries keep the power steady and 
unchanged. When power is restored, the rectifier resumes carrying most of the 
load and begins charging the batteries, though the charging current may be 
limited to prevent the high-power rectifier from overheating the batteries and 
boiling off the electrolyte. 

The main advantage to the on-line UPS is its ability to provide an electrical 
firewall between the incoming utility power and sensitive electronic equipment. 
While the standby and Line-Interactive UPS merely filter the input utility 
power, the Double-Conversion UPS provides a layer of insulation from power 
quality problems. It allows control of output voltage and frequenc)’^ regardless of 
input voltage and frequency. 

The study team estimated that by 2030 roughly 1.8 GW of on-site back-up 
storage will be installed in commercial and industrial facilities at a unit cost of 
$2300 to 2400/kW. An additional 2.8 GW of battery storage for residential 
backup applications will be installed at an average unit cost of $2200 to 
2400 kW. 


Table 7-1 0 

Cost of Electric Energy Storage 
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Summary of Customer Costs 

The cost to bring the customer interface of the electric infrastructure up to Smart 
Grid performance levels so that it can support a broad array of customer services- 
ranging from DR-ready appliances to V2G charging-is estimated at S24 to S44 
billion, as shown in Table 7-11. This cost does not include the sizeable 
investment that will be made by customer in appliances, PHEVs, PIVAC 
equipment, and the like. 


Table 7-1 1 

Smart Grid Costs for Customers 
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Table 7- 1 1 (continued) 

Smart Grid Costs hr Customers 
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Figure 7-2 

Consumer Costs for a Smart Grid 
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Appendix A: Notes Pertaining to Table 4-5: 
List of Smart Grid Benefits 

Facilitating Plug-In Electric Vehicles (PEVs) 

Hi Band Estimate - EPRFs Prism analysis estimates a potential CO 2 emissions 
reduction in 2030 of 9.3% as a result of electricity displacing gasoline and diesel 
to fuel a substantial portion of the vehicle fleet. EPRI bases this estimate on the 
assumption that plug-in electric vehicles (PEVs) are introduced to the market in 
2010, consistent with product plans of many automakers, and the rapid growth of 
market share to almost half of new vehicle sales within 15 years. Net emissions 
reduction estimates from the increasing market share of PEVs are based on 
research by EPRI and others (EPRl/NRCD, 2007), factoring vehicle miles 
traveled, carbon savings from gasoline not burned, and the trend for the electric 
system to become “cleaner” - i.e., for an increasing share of power generation to 
emit less or no CO 2 . 

EPRI Prism analysis assumptions: 

“ 100 million PEVs in the fleet by 2030; and 

■ Fraction of non-road transportation applications (e.g., forklifts) represents 
three times the current share by 2030. 

PEV Low Band-T\\^ PEV low band used the results of the EPRl-NRDC study 
from 2007 and, somewhat arbitrarily, attributed up to 20% of the carbon savings 
to the presence of a Smart Grid. The reasoning was that a Smart Grid is an 
enabling factor, but not the sole determining factor, in the market growth of 
PEVs. PEV-to-Smart Grid interface-related incremental costs, which run about 
$25 to $50 per vehicle (on- and off-board, $50 short term, $25 long term, and 
only include the PLC and PLC/X interface chipset BOM costs). So the 
incremental cost estimate is $250 million. 

Facilitating Electrotechnologies 

The 2009 analysis estimates a potential CO 2 emissions reduction in 2030 of 6.5% 
as a result of electric technologies displacing traditional use of primary energy 
consumption for certain commercial and industrial applications. 
Electrotechnology research (EPRI/ELEC, 2009) indicates that there are 
applications through which net reductions in CO 2 emissions can be achieved. 
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This projection is based on replacing significant use of direct fossil-fueled 
primary energy with relatively de-carbonized electricity for a range of possible 
applications, e.g., heat pumps, water heaters, ovens, induction melting, and arc 
furnaces. It is assumed that 25% of these electro technologies are facilitated by 
the Smart Grid. A total of 4.5% or primary energy supplied by fossil fuels is 
replaced by electricity by 2030. 

Facilitating Renewable Energy Resources 

Hi Band Estimate - 2009 analysis estimates a potential CO 2 emissions 

reduction in 2030 of 13% as a result of substantially increased deployment of 
renewable generation facilitated by the Smart Grid. This assumes the penetration 
of diverse renewable generation resources based on consideration of existing and 
potential state and federal programs, cost and performance improvements, and 
grid integration challenges. This assumption corresponds to 135 gigawatts (GW) 
by 2030 consisting of ~100 GW new wind; -20 GW new biomass; and ~15 GW 
other technologies including solar. The average new generation over 20 years will 
be equal to 67.5 GW corresponding to a reduction in 3.41 Billion tons of CO 2 at 
$50 per ton or $172 billion. 

Low Band Estimate- The renewables low band estimate was based on 100 
additional GW of renewable capacity. Of that, 50 GW was assumed to be wind 
power. Assuming a 61% load factor, 267 billion kWh of additional energy would 
be by wind. The study attributed 50% of the realization of this energy from wind 
to the resolution of the intcrmittency challenge of wind, and then further, 
attributed up to 50% of the credit for resolving the intcrmittency challenge to the 
presence of a Smart Grid. The rationale used was that Smart Grid is not the sole 
criterion for such large-scale wind integration, but it is a critical component. The 
study then applied the estimated C02 intensity of generation in 2030 to get the 
37 MMtons figure. 

Table A- 1 

Environment Benefits From Renewables, PEVs and Electrotechnologies: High Band 
Estimates 
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Table A-2 

Low-Band Estimates of PEVs and Renewables (EPRIj 
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Table A-3 

Value of PEVs: High Band 
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Expanded Energy Efficiency 

EPRl provides estimates of benefits of expanded energy efficiency not included 
in its 2004 report in a subsequent study (EPRI 1016905). This is shown in Table 
A-4. 


Table A-4 

Value of Expanded Energy Efficiency 
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AMI Benefits 

Table A-5 

Edison SnnartConnecf^ Cost Benefit Information and U.S. Estimate 
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Southern California Edison (SCE) filings to the California Public Utilities 
Commission (CPUC) Proceedings; D.08-09-039, A.08-06-001; A. 08-07-021 
estimated benefits for several AMI attributes over a 20-year period including: 
Meter Services = $3,909 million; Billing Operations = $1,187 million; and Call 
Center = $96 million. Estimate made using SCE estimates of $4,874,890 
customers and total U.S. estimated customers in 2030 of 142,121,652. 


Table A-6 

Southern California Edison Company Estimates of AMI Attributes 
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Avoided Generation Investment from EE and DR 

The Brattle Group estimates (Brattle, 2008) for the period 2010 to 2030 of 
avoided generation cost investment due to energy efficiency and demand 
response to be between $129 billion and $242 billion. 

Table A-7 

Avoided Generation Investment from Energy Efficiency and Demand Response 
{Brattle, 2008) 

Low High 
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Energy Storage Benefits 

Table A-S 

Storage Benefits by Attribute (20 years) (EPRI 1017813 and Sandia, 20 1 0} 


1 


on 

L 


High 

Improved Asset Utilization 

Eiectric Energy Time Shift 

4,936 

7,367 

Electric Supply Capacity 

3,239 

8,908 

Load Following 

16,354 

32,561 

Area Regulation 

1,236 

1,519 

Electric Supply Reserve Capacity 

1,915 

2,634 

Voltage Support 

497 

1,326 

Transmission Support 

221 

937 

Transmission Congestion Relief 

19,745 

33,743 


48,142 

88,995 

T&D Capital Savings 

T&D Upgrade Deferred 

8,257 

21,421 

Renewables Capacity Firming 

6,483 

17,828 

Wind Integration - short 

958 

2,865 

Wind Integration - long 

7,662 

22,91 1 

Total 

23,360 

65,024 


<A-5 > 
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Table A-8 (continued) 

Storage Benefits by Attribute (20 years) (EPR! W 1 78 13 and Sandia, 2010) 




Electrkify Cost Savings 

TOU Energy Cost Management 
Demand Chaise Management 

96,855 

1 8,245 

139,502 

58,976 

Total 

IIS,100 

198,478 

Reliabitity 

Substation On-Site Power 

Reliability 

Power Qualify 

55 

1,731 

700 

791 

19,774 

21,026 

Total 

3/485 

41,591 

Environmental 

Renewables Integration 

9,871 

14,733 

Total 

Total All Starage 

9,871 

198,959 

14,733 

408,821 

Table A-9 

Distributed Generation Transmission Capacity Assumptions 



l$9»NVMtio 

Copocity per participating customer (kW) 

3.0 

Grid connected PV systems 


70000 

Penetration growth rate 


10.0% 

Capacity factor 


15.0% 

Capacity reduction per kW - Transmission 

0.45 kW 

Total rw^^on 2010 - 2030 


$27ftiilion 


<A-6> 
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Electrification Energy Benefits 

Table A^W 

Reduced Net Energy Required by Electrification (EPRI 1 0 1 4044 and 1 0 1 887 1 ) 


High Case Low Case 

2030 decrease in quadritiion BTUs 5.32 1 .71 

2010-2030 decrease in quadriliion BTUs 53.2 17,1 

Value @ $6,000 per million BTUs $319.2M $102.6M 


Table A-n 

Electric Sector Carbon Dioxide £m/ssfons {AEO, 2009 Updated) 


P'-:- 



Petroleum 

41 

Natural gas 

365 

Coal 

2222 

Other* 

12 

Total ; 

. 2639 ' 


* Includes emissions from geoHiermal power 
and non-biogenic emissions from municipal waste. 


<A-7> 
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The Electric Power Research institute Inc., [EPRI, www.epri.comj 
coriducts research and development reloting to the generation, delivery 
and use of elecfricity for the benefit of the public. An independent, 
nonprofit wganization, EPRl brings together its scientists and engineers 
os well as experts from acodemia and industry to help address challenges 
in ^cfricity, including reliability, efficiency, health, safety and the 
emnronmenl. EPR! also provides technology, policy and economic 
analyses to drive long-range research and development planning, and 
suf^xxts research in emerging technologies. EPRi's members represent 
more than 90 percent of the electricity generated and delivered in the 
United States, and international participation extends to 40 countries, 
EPRi's principal offices and laboratories are located in Palo Alto, Calif.; 
Chorlotfe, N.C.; Knoxville, Tenn,; and tenox. Mass. 

Together.. .Shaping the Future of Electricity 


Program: 

Smorf Grid Demonstrations 


©2011 ElecUic Power Reseorch Inslifute (EPRl). Inc, All rights reserved, Bfectrie Power 
Reseorch Instihile. EWtl, ond TOGETHER.. SHAPING THE FUTURE OP ElECTRiOTY ore 
registered service marks af the Electric Power Research Institute, Inc. 
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Electric Power Research Institute 

3420 Hillview Avertue, Palo Alto, California 94304-1338 • PO Box 10412, Palo Alto, California 94303-0813 USA 
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Dr. Howard. It outlines that the costs over a period of 20 years 
is at the top end of about $500 billion. 

Now capacity, a lot of times we mistake capacity as being genera- 
tion capacity. But we also have to think about it in terms of capac- 
ity on transmission and distribution as well. And so, you know, is 
the capacity available in the distribution system to provide the en- 
ergy? 

The study that we did in 2011 looks at all of those costs and we 
estimate that, at that point, about $500 billion is the top end. 

The Chairman. Is there agreement on the panel that this is the 
number that we’re looking at as effectively, $500 billion, top end? 

Ms. Barton. I think generally speaking, yes. One of the key 
things I think that’s important to remember is that if you have 
market-based solutions you can make sure that these technologies, 
using your words. Senator Murkowski, pass the do no harm test, 
but I would add, at a reasonable cost to consumers. And what that 
cost to consumers is with respect to these integrated technologies 
really varies in terms of what is that technology is thought to be 
integrated in order the system needs. If it’s a market-based solu- 
tion then consumers will really choose what’s important to them. 

We have used, for example, in Presidio, Texas, which is on the 
border of Mexico. And it would have cost a lot of money for a new 
transmission line to be put in place there. We basically have two, 
2.4 megawatt NaS batteries in place to basically serve to enhance 
the transmission grid there. So that’s just an example of how tech- 
nology can be used to meet a specific need. And I think it’s very 
important that it be solution-based. 

The Chairman. Senator Cantwell, I have been asking a series of 
questions and have gone well over my allotted five minutes. But if 
you’re ready to proceed? 

Senator Cantwell. Yes. 

The Chairman. I will turn to you. Thank you. 

Senator Cantwell. Thank you. Thank you. Madam Chair. 

I don’t know all the questions you asked, but we were discussing 
earlier about, obviously, how do we make investment and get recov- 
ery on these issues. Ms. Barton, your company operates in 13 
states and I understand that in Ohio the federal government fund- 
ed about half of your 150 million smart grid demonstration 
projects. 

Ms. Edgar, your association represents regulators in every state. 
In your own state, Florida Power and Light’s smart meter installa- 
tion program was funded in part through $200 million in the Re- 
covery Act. 

What examples can each of you give of investments and the cost 
of recovery mechanism? 

Ms. Barton. Sure, I’ll start. As you mentioned, we have trans- 
mission facilities in 13 states. We have regulated utility operations 
in 11 states and by virtue of that territory it gives us a unique per- 
spective and information from which to draw from. 

So in Indiana, for example, we have launched a solar project, a 
pilot program, where we’re looking to basically have about 16 
megawatts worth of solar capacity integrated into the system. 
That’s been very successful. 
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I just recently talked about a project in Presidio, Texas, and we 
also had one in West Virginia which uses NAS batteries which is 
Sodium Sulfur batteries. 

These technologies, while they are expensive, in unique grid situ- 
ations can really amount to be the best solution. We’ve had tremen- 
dous success in a number of our states with bolt bar technology. 
And what bolt bar technology is is basically controlling through a 
series of complex communication the voltage on the system through 
regulators and capacitors. What that does is basically reduce the 
level of voltage that folks receive in their home and it results in 
significant energy savings. 

So in the jurisdictions that our states have been supportive of 
that technology, we have gone forward with that technology. We 
try to stay very close with our states and our regulators to make 
sure that we’re implementing the types of technologies that meet 
the state’s needs. 

Ms. Edgar. Thank you. Senator, for the question. Much of what 
we’ve been discussing today is the recognition that the grid is a 
technology integration network and that distributed generation, al- 
though offering many advantages, is often intermittent and that it 
does require investment in both new transmission and distribution 
and in modernizing the system, both transmission and distribution 
that is already there. 

So the role of the federal government in supporting research and 
in bringing that research in new technologies to scale, cost effec- 
tively, so that states and communities and consumers can take ad- 
vantage of those resources is key, I believe, in helping us move for- 
ward. 

Senator Cantwell [presiding]. So how well established do you 
think we are in those kinds of recovery ideas? 

Ms. Edgar. You mean cost recovery? 

Senator Cantwell. Yes. 

Ms. Edgar. The rate making process at the state level is tried 
and true. The cost causer pays looking at actual cost before putting 
them into the rate base and then looking at projected cost. The 
challenge now moving forward is how to continue to attract capital 
investment so that consumers are getting a good value from the in- 
vestment that they are making and also trying to look at alter- 
native rate making mechanisms to take advantage of the cost effi- 
ciencies that are out there in the future that may not be here right 
now. And that is something that we are grappling with. 

Senator Cantwell. I remember probably 20 years ago when 
some of the first ideas were being surfaced on metering and things 
of that nature and they were turned down by UTC. But now, how 
many states have policies around this? 

Ms. Edgar. Probably most. I don’t have an exact number, but I 
would say more than half and probably beyond that. 

You mentioned a project that I mentioned in my testimony, and 
yes, that project was partially paid by federal dollars. I do believe 
it’s an important investment in my state to helping us move the 
grid forward. 

But of course, we’re still learning how to take advantage of that 
technology so that consumers really benefit and then all of the 
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other issues with data collection, data management, privacy and 
security. 

Senator Cantwell. Dr. Taft, could you talk about the Recovery 
Act funds that were part of the $4.5 billion of money that was 
spent and what lessons we’ve learned? 

Dr. Taft. I can talk about some of that. I don’t have all the de- 
tails with me, but a lot of those projects were to improve the basic 
ability to measure on the grid. So we saw a lot of investment in 
phasor measurement units. We saw a lot of investment in AMI. We 
also saw large scale projects such as the one in the Pacific North- 
west to take a look at how to integrate large numbers of resources 
and coordinate them in such a way that they would operate collec- 
tively even though many of them were not part of the actual utili- 
ties. 

And the lessons coming out of those are going to be available 
shortly. There’s going to be a, actually, a report and seminar about 
that project in particular. 

So these projects move things forward because they brought a lot 
of money off the sidelines and helped establish things that the util- 
ities needed to understand. When it comes to things like storage 
there are quite a few projects that are now finishing up this year 
that will have lessons learned, and there are a number of states 
working on determining the cost justifications based on those les- 
sons. So, very valuable in helping people understand how the tech- 
nology can work, but also how the economics of those technologies 
will work out going forward. 

And moving forward, fundamentally, the basic measurement in 
observability/capabilities of the grid so that we begin to get the 
data that we’ll need for the next stages also has been a crucial as- 
pect of that very valuable for the utilities. 

Senator Cantwell. Well I know we, in the region, talk so much 
about some of the things we were able to do out on the Olympic 
Peninsula, but maybe it’s worth reminding people of some of the 
efficiencies that were delivered through those analysis and how we 
now take that data and try to scale it. 

Dr. Taft. So I haven’t brought all the numbers with me. I’d be 
happy to supply them. 

[The information referred to follows:] 




Pacific Northwest Smart Gdd 
Demonstration Project 


A COMPILATION OF 
SUCCESS STORIES 
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To leam more visit: 

www.bpa.gov/goto/smartgrici 

Or contact: 

Technologylnnovation@bpa.gov 
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THE BONNEVILLE POWER ADMINISTRATION INVESTS in the Northwest's energy future. Through its 
Technology Innovation program, BPA funds an annual portfolio of projects that advance technologies and 
enable breakthroughs and operational improvements in support of BPA’s mission of providing low-cost, 
reliable electric power to the Pacific Northwest. BPA’s research goals, as outlined in its strategic direction and 
technology roadmaps, focus on key areas such as advancing energy efficiency technologies, preserving and 
enhancing generation and transmission system assets, and expanding balancing capabilities and resources. 
Since 2005, Technology Innovation's disciplined research management approach has led to unprecedented 
levels of success. 

BPA works closely with the U.S. Department of Energy and Electric Power Research institute, and continues to 
strategically expand its partnerships with electric utilities, universities, researchers and technology developers. 
Technology Innovation has led the collaborative development of roadmaps that pinpoint the technology 
needs for the electric power industry for the next five to 20 years. To date, BPA has partnered with industry 
experts, researchers and others to develop technology roadmaps for energy efficiency, transmission and 
demand response. These roadmaps now serve as a resource for BPA and others to prioritize their technology 
investments and identify partnership opportunities. 

BPA’s R&D investments deliver savings of millions of dollars in avoided costs and increased efficiencies, 
and result in a smarter, more dynamic, efficient and reliable Northwest electric power system, Today, BPA is 
investing about $17 million annually in R&D, which is nearly five times the U.S, Industry average. The largest 
project in the Tl portfolio is the $1 78 million Pacific Northwest Smart Grid Demonstration Project. The nation's 
largest smart grid demonstration project involves 60,000 metered customers across five states, 1 1 public 
and private utilities, two universities and six infrastructure partners. Through BPA's $10 million cost-share 
contribution, the project has deployed $80 million in new smart grid technologies in the Northwest, setting the 
stage for regional smart grid growth. 

Terry Oliver 

BPA CH!EF TECHNOLOGY INNOVATION OFFICER 
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WHEN WE EMBARKED UPON THIS AMBITIOUS PROJECT in 2010, we began an exciting, and highly 
chalienging, journey. It was not an entirely new endeavor — • we were building on the earlier GrtdWise® Olympic 
Peninsula demonstration. But no project had tackled the breadth and scope of implementing a key new smart 
grid technology called transactive control, for coordinating demand response from 1 1 utilities across a five-state 
region. In addition, participants identified their own individual smart grid technology objectives, in all, the project 
will have evaluated about 80 different technology test cases. Like any project of this size and nature, we worked 
our way through perplexing technical issues and challenges we didn’t anticipate, but we also experienced 
rewarding accomplishments. 

This booklet chronicles the Pacific Northwest Smart Grid Demonstration Project's successes. It's exciting to 
read about Lower Valley Energy’s great experience with water heater demand response. Portland General 
Electric’s creation of the Salem Smart Power Center, the University of Washington’s broader understanding of 
electricity consumption in campus buildings, and Avista’s visionary work in establishing a smart grid city. There 
are a number of successes to report among the participating utilities, and I hope you’ll take time to peruse 
the articles and learn more about other examples of progress. It’s also Illuminating to read about aspects of 
the project that didn’t turn out as planned — essentially “lessons learned" that, along with successes, will be 
important in informing the industry for future smart grid technology deployment, 

Battelie and the other participants in this demonstration are pleased and proud to have been a part of a 
monumental project that reflects the unique grid-related capabilities — and ingenuity — of the Pacific Northwest. 

I have no doubt that this project and the knowledge that has been gained will successfully prepare the region 
for a bold energy future that strengthens our economy, protects our environment and enhances our quality of life. 


Ron Melton 

BAHELLE PROJECT DIRECTOR 


276 



Creating a smart city by focusing an 

grW efficiencies 

Before Washington was grartexl statehood, the utility 
known as Avista had already built the world’s longest 
transmission line and would later go on to create the 
couritrykj first electric stove. Today, Avista’s rich history 
of innovation is being applied to one of the greatest 
challenges facing the energy Industry ~ integrating 
new technologies. Avista’s vision for modernizing its grid 
resulted in the region’s first smart grid city as part of the 
Pacific Northwest Smart Grid Demonstration Project. 


With an Investment of $1 9 million, matched 
by funds from the Department of Energy, 
Avista has the momentum to deploy a 
system-of-systans architecture model, 
Washington State University partnered 
v/ith Avista as part of its project. 

As Avista 's funding accelerated, so did the 
pace of the upgrades. Yet the approach 
to planning one of the region's first smart 
cities remained strategic and forwarding- 
iooking. 


The case for a system 
of systems 

“You have to look at the business case wnth 
respect to the curr^t reality aitd potential 
new realties.” said Curtis HQrkeby, Avista 's 
principal investigator f<x the smart grid 
demonstration. “The economics that 
we have used forever m utilities may not 
be the econonrtcs that are actually vadid 
anymore." 

instead of !oc4^ at one particular system. 
Avista's business case for smart grid 


I Mwmstm 

I AMS» CiSPOIMTiOS, 

I Spokane, Washington 
I ® Investor-owned utility since 1 889 

y 

I * 1 25-year history of innovation 
I * 30,000 square-mile service territory 

I » Serves population of 1 .5 million in 
I eastern Washington, northern Idaho 
I and eastern Oregon 

I * Electricity and gas service 
s 

I » 359,000 electric customers 

I fflV*STfi5ErjT 
i $19 million 

i<188UfiHTS 

’ Voltage optimization 
Capacitor bank controls 
, ' Smart transformers 

I 

j Customer thermostats and apps 

WSU air handlers, chillers 
anti generators 

I fm 

I Curtis Kirkeby (509) 495-4763 
■ www.avistautiiitiBS.coni 
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concentrated on a much broader set of 
objectives, with a deliberate focus on 
interoperability and the ability to share 
information across multiple systems, 

‘it made for strong solutions as we move 
forward," said Kirkeby, “You don't want 
to limit yourself or short the vision.” 

After all. to create a smart city, scale 
is important. 


’Our goal was to do everything possible 
that would result in better operation of our 
system, At the same time, we wanted to 
maximize reliability, system efficiency and 
the customer experience. We knew thal^ 
where we would find the greatest value, 
when we could achieve all three of these 
objectives," said Heather Rosentrater, 
Avista's director of engineering, 

Smart circuits set 
the stape 

First, Avista upgraded electrical facilities 
and automated the electrical distribution 
system in Spokane and Pullman. A 
distribution management system was 
put in place to serve as the brains for the 


^nart city, ^ong vwth intelligent deuces 
and a communications system to bwefit 
more tfwi 1 1 0,0(X) electric custom©^. 

&Tta1 djTXjits rajuce energy losses, fcjwer 
system cc^ts and knprove rdiafciity and 
Midency h electricity dstritxjtkyi systarj. 

The syst^ e^iend^ wiB save aJxHJt 
42,000 megawatt-hours p®" yeew, ^ough 
to power 3,5<X) homes, and prevent 


14.000 tons of carbon from being released 
into the atmosphere from power generation, 

Problem areas on the system are instantly 
identified by the advanced distribution 
rrenagemwt system, v'rfiich was d^oyed 
for rye-third of the customer base. A whole 
new level of information is displayed, 
which can be operated manually or fully 
automated around the clock — not 
a typical installation. The distribution 
management system features predictive 
applications and auto-restoration 
technology. 

The new. advaiced cSsWlxjtion nwiage- 
ment system revolutionizes how the 
system is designed, built, tuned and 
operated. Real-time power management 
systems require accurately maintained 


calculation model so that the distributed 
resources can be managed regardless of 
location. 

Smart transformers 

Every home or business uses different 
amounts of energy that's distributed 
through a transformer on a pole to multiple 
sites. Smart transformers installed in the 
Pullman atea gather information about how 
much energy each transformer supplies, 
so Avista can determine the appropriate 
size transformer to meet customers’ energy 
needs. The “right sizing” of transformers 
makes the distribution system more 
efficient as energy is d^ivered to customers. 

Biggest baiif for 
your buck 

Efficiency equals managing voltage and 
power factors. 

Using voltage optimization, the utility can 
lower the voltage on the feeder — the line 
from a substation to the home or business — 
to minimize the loss of electricity, 

“As we scoped the project, we realized this 
is where the biggest bang for the buck 
is," said Kirkeby. “This is where the real 
dollars are, We estimated 1 .86 percent 
savings by applying this technology to 
the feeders in Pullman on WSU’s campus 
based on a regional study, but we’re 
actually seeing 2,5 percent." 

There’s also still room to grow this 
efficiency savings. Fine tuning continues, 

“Be part of the study 
that may change 
everything” 

The two-way communication foundation 
requires installation of advanced meters at 
the customeris location. Ail of Pullman and 
Albion — a total of 13,600 customers — 
now have advanced meters. The digital 
meters operate via a secure wireless 
network, allowing two-way, real-time 
communication between the customer’s 
meter and Avista. 
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"We didn't have any opposition to putting 
advanced metere there, which may not be 
typical across the country," Kirkeby said. 

Building awareness and understanding 
among customa's was ciitical to successfulty 
deploying new technology and engaging 
people. Inspirational key messages were 
disseminated through focus groups, targeted 
email and direct mail, print advertising, 
town meetings and board meetings. Cutting 
through the clutter of busy lives was 
ch^lenging. Customers responded best 
to the in-person communication, 

“They had the feeling that they were part 
of a project of national importance. The 
research aspect of our work resonated in 
a college community like Pullman, it was 
a feel-good thing for the customer — they 
felt like they were making a difference,” said 
taurine Jue, a senior communications 
manager at Avista. 

A dedicated point of contact was critical to 
answer tough questions about the pilot. 



Smart thermostat pilot 

The smart tfieimostat pilot one of the 
customer-e)a:^rience compcnents of the 
project. Customers who volunteered to 
participate in the two-year pilot received 
a free amart themios^ f^us $1 00 per year in 
exctiange lor ^ovi«Tg the utility to remotely 
adjust the thermostat by 2 degrees 
Fahrenheit for a period of 10 minutes to 
24 houre. The customs could always 
override the setting at any time. 


“You can set up a program to override 
at any point,” said Joshah Jennings, a 
smart thermostat pilot participant. 

Settings, including alerts, can be adjusted 
directly, over the Internet or with a smart 
phone. Using the application on a regular 
basis keeps energy usage “top of 
mind" for customers. Participants could 
view energy usage down to the hour, 
make adjustments, and start saving 
energy. A price curve was set for hourly 
consumption. For the Jennings, a fiscally 
conservative family of five, saving money 
is important. 

“But being a technology buff too, it was kind 
of fun to play with the new technology," 
Jennings said. 

All customers with the smart thermostats 
aiso had advanced meters that provided 
usage data. At the end of the pilot, data 
indicated that smart thermostat p^icipants 
reduced consumption between 4.6 and 
9 percent. 

AVISTA TIP; The thermostat was designed 
so that the vendor and its product were 
not dependent on Avista — the connection 
was ttTOugh puWtc Internet. The thermostat 
read the meter and sent data back to 
the thermostat vendor through its own 
mechanism. Trtat means no maintenance 
for Avista. 

Energy Analyzer needs 
actionable items 

Anotfi®' aspect of the customer experience 
was gWng customers access to information 
about their energy use. Using a web portal, 
called the Energy Analyzer, customers could 
log in to their account to see th^r energy 
use patterns and make informed decisions 
about choices that drive energy costs. 

The launch of the web portal was prcmoted 
with direct ma1<eting and an online video to 
help educate customers ^ut how to use 
it. While some customers looked at the 
portal frequently, most customers did not 
find it compelling. Although the average 
site visit was six minutes and 36 seconds, 
access to the web portal did not result in 
a measureable change in consumption. 
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One of the main factors that couid have 
contributed to this is the absence of time- 
of-use rates, which couid directly impact 
customers’ usage patterns. Pius, every 
customer has a preferred method for 
accessing information, whether it's direct 
mail, email, a website or a mobiie device, 

Avista suspected that if an actionable 
item doesn’t result from the data, it's not 
something a customer will get excited 
about- If a customer wants a lower bill, 
suggestions based on the data provided 
would be more useful. 

'That’s why we launched a texting pilot,” 
said Kirfreby, “it allowed customers to 
opt-in to receive daily or weekly usage 
updates via text or email, which included 
usage predictions based on all kinds 
of factors. Weather factors, household 
factors and HVAC factors are useful to 
a customer trying to manage their bill 
through their own efforts.” 

“All of the work that we did in Pullman 
really has helped our customere understand 
on a personal level what Avista is doing 
to modernize our grid," said Rosentrater. 
"What it means for customers is improved 
reliability; they’re going to experience 
fewer and shorter outages. What used to 
take hours to restore, can now be done 
in minutes," 


in kxig run, fewer axJ shcxter ojtages, 
plus options for saving energy, matter 
most, it’s a big vwn for customers. 

A big win for 
Vlashington State 
Unlwerslty 

M a key patner in the psc^t, Wg^wraton 
State University brought its best rrands 
and doz^is of fadltties to ttie tabte. The 
campus can now be operated as a 
microgrid wdth the ability to control 
both loads and genaation resources 
on campus, as well as respaid to a 
transaclive contid request frcxTi Avista 
based on re^ond grid needs. 

WotWng Avista and with WSU 
professors Anurag Srivastava and Anjan 
Bose, students helped amp% the process 
for computing red-time savings from 
improvaJ power factds and voltage 
reduction. They alK5 devdoped new tools 
for reliability benefit caiciiations, for data 
transfer between software tools and for 
real-time load chsuecteristic estimations. 

The project resulted in aw^-winning 
work and provided valudDle, hands-on 
experience to prepare students to be 
leaders in the 2 1 st century power industry. 


With its cost-share investment of 
$2,1 million, WSU also installed 88 smart 
electric meters, providing direct feedback 
to Avista for voltage optimization of 
the campus power circuits, and built 
sophisticated building control programs 
to automate its chillers, air handlers and 
three generators for smart grid operations. 

For example, the air handlers in 
29 campus buildings used to run without 
consideration of building occupancy 
levels. Air handlers ensure the air quality 
In buildings is consistent. With the new 
programs, the air handlers automatically 
ramp down when occupancy levels are 
low and ramp up before higher occupancy 
periods. While the technology doesn't 
change what happens within the building, 
it optimizes the efficiettcy of the system 
by scheduling appropriate actions based 
upon campus needs. 

“Their systems are smart enough to be able 
to manage all air handlers individu^ly to get 
to some level of cumulative benefit," said 
Kirkeby, 

TTie voltage optimization and new air handler 
programs save the university a lot of money; 
it expects to save about $1 50,000 a year, 
Each one of the controllable assets can be 
managed in a much more efficient way 
and fine-tuned as cwiditioris change. 
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ii It’s been really exciting! A year and a half after 
the distribution m-inagi'inciit syslem ''Ve.n hVi;. 
we hit our one-millionth avoided outage minute 
That's a tangible benefit foi oui cusiC'inei'^. 
Avista IS also realizing benefits -■ we’ve learned 
so much and we're applying these lessons 
everyday.” 


Students helped to simplify the process 
of validating real-time savings from power 
factor and voltage reduction, A new tool 
was built to validate, or at least estimate 
with a high degree of accuracy, every 
circuit that’s involved in the system for 
every five-minute interval. 

A¥lsta fenerates 
a request 

These generation assets are also cainected 
to Avista’s distribution management sys- 
tem through an Avista Generated Signal. 
Avista can generate a request to reduce 
those loads or generate power for various 
needs. 

"If you think back to the energy aisis in 
2000 when, in the Northwest, we were all 
looking for generation, now we have a push 
button for three of them," said Kirkeby, "Ail 
A\dsta does now is make a request and 
they can be online,” 

For the smart grid demo, a transact!'^ 
control signal request came from Battelle. 
Avista then translated that into an Avista 
Generated Request Signal that went to 
WSU, asking for one of five tiers: one tier 
for air handlers, one tier for chillers, and 
three different tiers for generator. 

Avlsta's request asked for deployment 
of certain assets based on the request 
from Battelle. A WSU facilities operator 
decided whether or not to honor that 
request. If not. software sent Avista a 
text explaining why. Automatic texts were 
also generated. Codes were built into 
the system so that it still functions even 
without the transactive signal, 

"Being a part of this pilot project has reaify 
opened doors for improved communica- 
tions, metering, power system operations, 
and building controls, which provide the 
tools for WSU to assist with regional 
needs while also reducing our operating 
costs,” said Terry Ryan, WSU director of 
Energy System Operations. 


Win! Win! Win! 

Le\«raging unh^^ is a mode! that 
Avista believes can be used elsewhere. 
After ail, utiBties and univ^ities eilike are 
always looking few ways to reduce costs. 

"That’s exactly what we did." said Kirkeby. 
“it’s a win-vwn-win fiw WSU. Avista and 
for the region." 

The project also greatly improved cyber 
security across the utility footprint. Nation^ 
Institute of Standards and Technology 
guidelines were used to assess risk. 

Then a mitigation measure was assigned 
to each risk to determine whether to 
proceed or how to proceed. 

By participating in the project. Avista 
lea'ned in a real-world environment the 
benefit stream from each component in a 
particular use case, and which pieces will 
extend well beyond the project and into 
the future to create an ultimate smart city 
configuration. 

Some pieces of that puzzle are important 
lessons learned. 

Learn! Learn! Learn! 

it’s not always ea^ to charrge an 
established paradi^, especially 'when 
redeagning business processes around 


technologies such as automating grid 
control. Even some vendors pushed back, 

"Some said: you don't really want 
automation,” said Kirkeby. "To which we 
responded, 'Yes! We really do!’ That’s why 
we're doing this. We don't want an army 
of people operating it; we want it to be 
automated." 

When working with vendors, “It always 
comes down to relationships and 
partnerships,” said Kirkeby. 

Ironically, the very people expected to 
push back on automation were the most 
supportive; the linemen. For them, doing 
away with mundane tasks was positive. 
For others, it took trust that the system 
wouldn't make mistakes and that, if it 
did make a mistake, consequences were 
managed, 

Creating a smart city meant embracing 
change, it’s everywhere, 

“We’ve changed as part of this project,” 
said Kirkeby, “We’ve revised the design, 
engineering and equipment standards 
going forwarci, We’it add to those standards 
as new learnings come about and as we 
add more technologies or benefit streams 
we find.” 
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The future is an evoivirig 
vision. The grid will be a 
system that’s flexible, 
scalable and under- 
standable by the people 
building it, Avista’s 
roadmap includes a grid 
modernization program 
budgeted for the next 25 to 30 years. 

“We’re trying to be really proactive and create the utility 
of the future now,” said Rosentrater. “So we’re trying to 
figure out as a utility where we need to be, what we need 
to do to provide the most value to cu.stomers. and where 
customers will value us — value what we do and keep 
our business viable.” 

With an increased capital budget for grid modernization, 
Avista is leveraging what’s already in place to advance 
the rest of the system. Armed with a smart grid roadmap 
from the demonstration, each feeder in Spokane will be 
modernized. In Pullman, a new battery unit is already in 
the works as part of a Washington State Department of 
Commerce grant. Avista will explore how battery storage 
capabilities can be integrated onto the grid to address 
the intermittent energy from renewable power. 

Participating in the Pacific Northwest Smart Grid Dem- 
onstration project gave Avista the opportunity to realize 
the “endless” possibilities. And the many lessons learned 
have provided a soiid foundation for Avista as it contin- 
ues to modernize the grid to meet the energy needs of its 
customers well into the future. 
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Smart piwer in store for the future 

Criftting smart about electricity has nevw been more exciting. 
That’s especially true at Portland General Electric - Oregon’s 
largest investor-ownrrd utility. PGE’s Salem Smart Power 
Center is a new five-megawatt battery storage facility that 
is part of the larger fh'icific Northwest Smart Grid Demon- 
stration Project. This first-of-its-kind facility is one of the 
most advanaxi electrica! .systans in the nation and, as such, 
has inspired the imagination of a region. Energy storage is 
just one of the new technologies being tested by the proj- 
ect to integrate renewable energy, improve grid reliability 
and tower costs to customere. 


/p^,< 


Portiand General 

Electric 


Portiand, Oregon 
••’Founded In 1889 

Oregon’s largest invester-owned utility 

■ Serving 52 communities across 
Oregon 

■’ 842,000 customers 

'■ 13 power plants with capacity of 
2,781 megawatts 


$6.5 million 


With the foundation of a smart grid e^ready 
in place - 800,000 smart meters — PGE 
was inspired to integrate several smart 
grid programs into one effort, it was an 
endeavor much larger than PGE could 
tackle on its own. The heart of it centered 
on the Salem Smart Power Center, 

“A five-megawatt lithium-ion battery system 
that is grid-tied is very rare in the electricity 
business,” said Wayne Lei, director of 
R&D for PGE, “It’s one of just two owned 
and operated by ^ investor-owned utility.” 


Big - really big - 
batteries 

Lithium batteries are widely used because 
of lhar high-energy denaty — the ability 
to store a lot of energy in a lightweight, 
compact fcwm. It’s the same battery 
technology used in laptops and cell 
phones but on a tmich larger scale. The 
key feature of the 8,000-square-foot 
center is a five-megawatt lithium-ion 
battery-invaler system. The bark of 
batteries stores 1 .25 megawatt-hours of 


I ■ Distribution mlcrogrid 

' Five-megawatt lithium-ion battery 
’ Intelligent distribution management 
' Commercial demand response 
Demonstrates renewable Integration 

Kevin Whitener (503) 464-821 9 
www.portianogeneral.com 
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energy, which afiows PGE engineers and 
planners to demonstrate high-re!iabiiity 
strategies involving intentional islanding 
of the feeder, distribution automation 
using smart switches, demand response, 
renewable energy integration and auto- 
matic economic dispatch. 

Building the battery facility was an under- 
t^ing. But integrating the technologies 
was the real feat. It required a dedicated 
engineering team to address the complex 
challenges that arose in bringing this 
innovative facility to life, After alt, many of 
the technologies implemented were new 
to the market. 

“We underestimated wtiat it takes to attach 
a ftve-megawatt battery to our own system," 
said Kevin Whitener, the lead engineer 
for the project. ‘The complexity and the 
engineering challenge of doirtg that is 
something we hadn’t fully anticipated.” 

Thousands of battery cells are stored in 
racks and wired together into a single 
system. Batteries use direct current while 
the distribution system uses alternating 
current, so inverters sit between the grid 
and the batteries. This allows power to flow 
in either direction, converting from AC to 
DC and back on demand. Coordinating the 
communication between the systems aid 
components was substantial and complex. 


For ex^ple, between the inverters, 
the battery nwiagement system and 
the other controllers in the facility, 
there ao five different communication 
protocols. There are sixty-seven 
s^jarately addressed intariet devices 
communicating on two different networks 
within the facility. That created a lot of 
data handling chafienges. 

“The protocols had to be sorted out aid 
interfaced together,” Whitaw. 
“There's no way to do that short of 
spending we^ and irxinths sfio^iing 
to get it to work. But we did iL° 

The safety of ©op^oj^es aid pxjbiic is 
important to Ff3E, which is \fthy the Salem 
Smart Power Center was constructed 
with a focus on safety. Due to the high 
energy density of the large battery, a 
unique fire ccHitrol system was spjecially 
designed for the lithium-ion application 
that includes giant fans foat keep the 
batteries cool at times. 

Creating a mierogrld 
with macro resriieney 

A mtcrogrid improves a system’s 
resiliency by allowing the utility to 
segmait a certain part of the feeder and 
to provide back-up electricity during 


an outage. When a substation loses its 
power supply from the transmission lines, 
the battery system starts immediately, 
serving as an uninterruptable power 
supply. 

If an outage were to occur in Salem, all 
residential, commercial and industrial 
customers on the circuit can be supplied 
electricity from the battery’s 1 .25 mega- 
watt-hours of energy for 1 5-20 minutes. 
This is more than enough time to start 
the six customer-owned distributed diesel 
generators and synchronize them on the 
line. Once the feeder is isolated from the 
utility grid, the generators start up, and 
the circuit becomes a microgrid. 

PGE has been working for more than 
10 years to establish cooperative 
microgrids with customers that own 
standby generation. Together, they have 
built the nation’s largest distributed gen- 
eration program which shares customer 
generation with the utility in times of 
need. Many of PGE's large customers 
have local diesel generation on site to 
prevent a power outage in case of an 
emergency. By partnering together, PGE 
is able to tap into this standby generation 
during an outage situation. The result is a 
highly resilient system. 



WHAT IS A MiCROGRID? 

A ' .r -j' , ' .i:j E ./n'iiOA i 
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PGE named its microgrid a “High Reliability 
Zone," The HRZ includes the large- 
scale energy storage system, customer 
standby generators and distribution 
automation components, These compo- 
nents, called smart switches, quickly 
seclionalize the microgrid in case of a 
fauit, like a downed power line. The 
switches bring an even higher level of 
reliability to customers. 

Unlike a standard feeder switch, which 
must be manually operated to change 
or stop the flow of power on a feeder, 
a smart switch "senses” changes in the 
feeder, like a fauit, and activates the 
switch automatically. This changes the 
physical configuration of the feeder within 
seconds. 

it’s a microgrid that heals itself, 

hi>*‘ 4 •' h;I in 

}}R- 

One of the most exciting parts of the 
project for PGE was exploring solutions 


to integrate renewable en^'gy into tee grid 
using battery storage. A key challenge 
to using solar as a power source is 
that sunshine is tetermittent, especially 
in Oregon. Using an algorithm, PGE 
demonstrated how solar energy can be 
combined with a battery to fill in the gaps 
when the sun isn’t shining and offer a 
seamless power flow. 

With more than 6.000 megawatts of 
intamittent wind and solar power swe^ng 
the Pacific Northwest electrical grid, tee 
prc^ provided an opportunity to ieam how 
to best partner with customers to deliver 
Ngh r^bility. To test tee integration. PGE 
tfie solar output from the local potato 
chip maker, Kettle Brand, and then ^med to 
lev^ize, or fill in the blanks of this irregular 
output, uang the battery. 

Here is how the process works. Rrst, 
an instantaneous measurement is taken 
of the customer demand on the circuit. 
Then a measurement is taken of the 
instantaneous power output from Kettle 
Brands’ solar plant. Tteis information is 
compared to the theoretical ideal load for 
the utility’s drcuit. The battery makes up 
the difference in the CHitput in real-time. 


either filling in the gaps where the clouds 
caused output to fail short of the best 
possible power or charging the batteries 
when the output from the panels is higher 
than normal, 

“This is one of the few opportunities that 
the industry has had to prove these 
concepts and demonstrate that energy 
storage is indeed a solution to integrating 
sdar energy,” said Whitener. “Impacts from 
what we’re doing here are far-reaching.” 

An iiiferestifig eKi'iilHt 

The Salem Smart Power Center has had 
many curious visitors. Tours feature a 
video reviewing the safety of the system, 
smart grid exhibits and an educational 
gallery with views into the operations 
center. Schools, other utilities, industry 
suppliers, consultants and government 
representatives at! wanted to see this 
state-of- the-art facility, 

“We’ve had more than 1,200 people visit 
the facility and learn about the project." 
said Whitener. 'That’s pretty astonishing," 

Partiierinf witii 
customers 

PGE’s smart meters enable a two-way 
conversation between PGE and its 
customers, helping the utility to optimize 
its services, add convenience and lower 
energy costs. As part of this demonstration 
project, resident!^ and business customers 
were enlisted to respond to grid conditions 
by reducing energy during peak times or 
during a test, 

“The utility can decrease the load at peak 
times of use, or shift loads from one 
period to another," says Carol Mills, 

PGE’s senior project manager. “The 
objective was to offer demand response 
assets that could respond to the project's 
integrated systems.” 

Although PGE installed a demand response 
management system in Saiem, a 'human 
in the loop’ was used to ensure the 
programs would be initiated and observed 
carefully when called into action. 
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As part of this project, PGE is testing 
ways in which we can automate renewable 
integration and demand response op- 
portunities to ensure customers receive 
the most benefit from energy resources 
for the least cost. The project includes 
testing a transactive system, an informa- 
tion system that automatically shares 
real-time data between computers at 
utilities and the transmission coordina- 
tor, Similar to how utilities get information 
from wholesale power markets today, this 
system sends out a price signal every five 
minutes, which reaches a multiple utility 
footprint at the same time. The signal 
shows how the price of power is expect- 
ed to change over the next three days, 

Utilities then respond with a load forecast 
based on that string of future prices. 

This allows a system coordinator, in this 
case the Pacific Northwest National 
Laboratory, to calculate where the 
entire grid may have congestion issues 
in advance. The proces.s is then repeated 
every five minutes, allowing for planning 
around congestion and prices to occur for 
everyone in the systam, 

IJsiiM} artificial 
iriteiligerice 

Although, automating the electricity market 
is still in testing stages, strides were made 
learning about which toots are needed for 
its development. 

"We’ve proven that we can dispatch 
resources at the command of the trans- 
active node." said Whitener. 

The transactive node, which PGE calls 
the Smart Power Platform, is the main 
computer program that optimizes the 
economic decisions about the smart grid 
assets: when to dispatch, when to charge 
or discharge the battery, and when to use 
the demand response capability. The 
node responds to a signal from PNNL 
To interact with the signal, PGE wrote 
its own software program using artificial 


inteig^Tce. htejrai netwal^s anal>2e flie 
thousands of data pc»its in tie s^t&n 
Old re^x»Td to te transactive si^rai. The 
coTpjt©- dDSortJS tfrat information, 
syntl^sizes it, and makes a deasion. 

"We were able to demonstrate foe ability 
of foe ccsTiputers on both sides to team 
and get better at optirruzing power for 
foe least cost to customers,” lei. “ts 

iita-^ a maietay ^maton te terms of 
the vefce to ddK«r ^ foe to acquire 
that pow^." 

Learnina frora 
uniciue ifstems 

Virtualty si\ systm» tested by PGE were 
new and uique. S^am amart Power 
Center derroisbat^ foe abBty to island 
a microgrid with utility-scale stcsage axl 
customer starfoby generation, operate 
dmiand respc^ise, respond to a transactive 
signal, and how to inte^te these comj^x 
i^ources into a shgle control system. As a 
result, PGE ofl^ed sev®^ key takeaways; 


circulated through tfie project team and 
various departments within the company 
for approval. 

Finally, assembling a strong, adaptable 
engineering and project management 
team makes a!! the difference. 

“The team was able to lead the project 
over many different hurdles," says Lei, 

"As the recognized experts in the topic, 
the team not only had to work with the 
management and technical aspects, but 
also to be able to communicate well with 
everyone in and outside the company." 



Take full advantage of consulting talent 
both within and outside the company 
to assess risk and make plans to 
mitigate that risk, 

* Reduce financial risks by using 
government funds when possible. 

■ When it comes to a first-of-its-kind 
project, testing is your best friend. PGE 
sought to protect customers by ensuring 
foe systems were reliable and robust. 
Perform and document lots of testing, 
especially when there is a potential to 
impact commercial arid residentisJ 
customers. 

Thoroughly vet venders' capabilities 
and financi^ strength. Smart grid 
technology is a growHng industry, full of 
emerging companies. Ensure those 
companies are weB-capitalized, 

® To ensure foe safety of employees said 
the public, it’s critical to have a robust 
set of safety requir^m^ts in place that 
s^ve as a syst^ of cfoecte and 
bd£Hices. Frx examfrfe, test was 
preceded by a te^ plan. Test plans were 


Smart grid technoiogiejs 
represent an opportunity to 
enhance the value custom- 
ers receive from the elec- 
tric system. This transition 
will be a significant chal- 
lenge — one that involves 
not only leveraging new 
technology, but also mak- 
ing major changes in the 
way electricity is provided 
and used. PGE is eager to 
engage in the research and 
development needed to 
bring our local and regional 
grid into the 21st century. 
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F'acific Northwest Smart Grid Demonstration 

SUCCESS STORIES 


UNIVERSITY OF 
WASHINGTON 


UW’s electric grid gets smart with living laboratory 

Higher education happens at the University of Washington 
in more ways than one. For students, it’s academics. 
For facilities, it’s smart grid. More than 250 buildings 
on the university’s Seattle campus are temperature 
conditioned. That’s more than 13 million square feet of 
comfortable space to conduct research. And it goes to 
good use, because UW has one of the biggest research 
budgets among schools nationwide. 


The scholastic setting provided a uniqtje 
perspective for the Department of Energy 
demonstration, More than 20 million 
people are enrolled In higher-education 
programs across the country. That’s a lot 
of students, not to mention researchers 
and faculty. For that reason, coitege 
campuses make an ideal environment for 
advancing smart grid technologies, 

"Finding solutions to real work problems 
is a really important part of today’s 
educational environment," said Norm 
Menter, UW’s energy conservation 
manager. "Our student population 
demands that the university be involved 
in projects like this.” 


UW is one of two universities, five 
technical firms and 1 1 utilities across an 
unprecedented five-state region sheeted 
to paflicipate. The university was 
awarded $5.1 million in federal funds to 
complete its $10.2 million project. 

By the numbers 

TTie ava-age daUy population on campus 
is K),CKX), and the average daily Metrical 
demand is 38 megawatts. This costs 
the university about $1 million a 
month — making it Seatfie City Light's 
second largest customer. so. the 
campus also has its ovw> flve*megawatt 
steam turbine generator. The power 


w 

FACILITIES SERVICES 
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is distributed through a network of 
underground utility tunnels. 


Before the project, UW had just seven 
meters on its Seattle campus to monitor 
energy use. Now, there are more than 
200 smart meters acquiring near real-time 
data c±)out energy consumption every five 
to 15 minutes. These meters transmit the 
data to a central repository. To see the data 
arid more accurately predict ftjture energy 
use, the project team built a coiisole 
to analyze and display the information 
collected. 

Data is analyzed and displayed on 
“dashboards" that provide an at-a-glance, 
graphical presentation of the energy use, 
within just minutes of its consumption. 
Anyone can view the data online and 
compare a year-and-a-ha!f worth of 
information on each building’s energy 
consumption during any hour, and see 
how much that energy costs and patterns 
of use over tiime. Engineers at the univer- 
sity also use software tools to analyze 
the data collected, helping UW eliminate 
waste and save money, 


Ote featwe aBows a cxxr^arison of 
use by building at different times of the 
day or yea". That infOTmatton is vit^ to 
determining how to reduce eiwgy use 
and eliminate energy waste. 

“The ajiprtong tt^g vi« learrod was that 
ene^ waste is not the ^me tNrg as 
er^ COTSumption," said Menta-. "VVsste 
ocojrs }ust about evsyv^iere. but just 
because you have high consumption in 
a particular buflding doesn't neces^rily 
mean that it's t^tg w^ted. The informa- 
tion is vdu^Dle for deci^rxr-rrekHTg, but it’s 
not the whole story." 

The dashboad raises awareness about a 
building^ ova^ efficiancy and provides 
the of^nalunity to have a conversation 
about why ciwiges need to be made to 
a buildng. TTiis cfeBogue btJds a common 
undastanding so that dedscxrs are made 
together across campus. 

Sharing of data equals a need for improved 
cifoa seoaity. As a fXibiic univasity. UW 
has an open netwot1<. So coming into this 
project, the university had to overlay a 
private netwot1< onto its existing system. 
That cost quite a bit of extra money. But 
it was worth it. Afta- sdl, having data, and 
being ^le to store that data securely and 


make it available to the public, is immensely 
valuable to the research mission of UW. 

I student enerif 
interfention 

Of those interested in the data were — 
no surprise — the students. The energy 
use of freshmen in two residence halls 
was looked at by fellow students to see if 
a “technology inten/ention" could reduce 
the freshmen's energy consumption, 
compared to a manual intervention. 



in one hall, students received weekly en- 
ergy-saving tips to encourage conservation 
and to gain qualitative data. In the other, 
volunteers received EnergyHubs, which 
measure, communicate and control 
individual energy use in real time. When 
small appliances, electronic devices, TVs 
or laptops are plugged into Energyt-lub 
power strips or outlets, the cost of using 
each is displayed on a desktop monitor. 
The monitor also displays daily energy 
use, current energy in kilowatt-hours, and 
monthly cost projections per appliance. 
And they allow the user to set up sched- 
ules for the appliances or remotely turn 
them off through a smart phone app. 

Using its smart meter infrastructure, the 
research team was able to coilect weekly 
energy consumption data, analyze the 
students' energy use over 10 weeks, and 
compare the energy use of students in 
the two residence halls. But the study 
yielded inconclusive differences between 
the two groups, perhaps due to one 
aspect of studying students' energy 
use in a university residence compared 
to adults in their own homes; a lack of 
monetary motivation. 
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“One important long-term outcome of the 
research was to raise student awareness 
of the personal energy choices we all 
make every day," said Kelly Hall, a UW 
graduate student on the research team. 

The team believes the university should 
not rely on student actions to reduce 
energy consumption, but move towards 
using more automated and integrated 
systems. 


One part of the project, which spans an 
unprecedented five-state region and 
60,000 metered customers, is automating 
the system for a regional benefit, 

UW connected its steam turbine gena'ator 
to the demonstration project’s transactive 
control system. Transactive control uses 
an interactive, market-based signal to 
increase or decrease energy consumption 
to achieve greater efficiency in grid 
operations. The signal is sent over a 
multiple-utility footprint. Participants in the 
project test the feasibility of irrcreasing 
energy use when wind energy Is abundant, 
typically at night, and reducing use during 
peak hours when energy is most expulsive. 

"We integrated the steam turbines with 
the system, so that the turbines would 
respond and go into a nighttime setback 
mode when they received a transactive 
control signal," said John Chapman, UW 
executive director of Campus Engineering 
eutd Operations. “The steam turbine gen- 
erator concept tias potential, i can see how 
we could use it to vary the operation of our 
generators to help the region integrate 
renewables into the grid." 

But UW's current generating system is 
constrained In terms of how it could con- 
tribute to a transactive control system, it’s a 
cogen^-ation system: after the steam goes 
through the tuitine to generate electricity, 
it then goes on to heat the campus. In 
the summertime, there’s not much steam 
demand. Only during the winter is there 
some texibiiity on the OLitput, 


ii These assets represent an investment that’s 
going to be here for many years. We can use 
the data to build a greater understanding 
about how buildings use energy, and to 
make the entire campus community more 
inteiiigent about how we use energy. It's a 
change in our relationship with electricity.” 




"witn that type or system, we could onng on 
an addition^ 10 o" 12 megawatts 
anytime of the to feed into the grid 
whatever time of day it was required.” 
said Chapiman. “And we coiAj do tirat for 
a reasonable prtee, I tiiink." 

UW also connected two standby diesel 
gen^ators to the transactive control 
system as part of this project. But they 
are more expensive to operate than the 
steam turbines. 

"I don’t think the economics would ev©- 
pai exit to run thase and generate f^lricfty,” 
Chapman added. 



There are also environmental requirements 
that limit the use of diesel generators, so 
UW will focus on its steam turbine. 


UW created a demand reduction operation 
strategy for five buildirrgs on campus. As 
part of the transactive control system, the 
univa'Sity ccxild q3t in to reduce electric^ 
demand at three different levels. These 
strategies included dianging discharge air 
temperature set prwts, reducing fen static 
presswe aid Ihiiftig confrol vsWe portions. 



As far as the impacts on operations, the university is just 

getting started, but a solid foundation is now place. 

Tools such as the dashboard allow UW’s energy engineers 
to look for anomalies in energy consumption and deter- 
mine which buildings they should take a look at first. The 
dataset builds a greater understanding about how the 
campus buildings use energy. And, the improved infra- 
structure makes the entire operation more efficient, which 
means there is potential to reduce the costs of education. 

That makes the entire campus and the entire community more intelligent about how we 
use energy," said Menter. “It’s a change in the relationship with electricity.” 




for the University 
of Washington? 
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Snail citf in Wahs gets smarter with automation 

Idaho Falls is simply a smart city. Since 1900, the western 
town has generated electricity by making use of the Snake 
River, which njns right through it Today, Idaho F^ls Power — 
which is known for its early adoption of tools to Improve 
system reliability — is testing some hefty smart grid 
technologies as part of the Pacific Northwest Smart Grid 
Demonstration Project. 


A citf-wWe wireless 
network 

Idaho Falls Power serwces 23 square 
miles within the city, which is framed by 
wide-street neighborhoods and well- 
educated residents — many of whom 
work at the Idaho National laboratory 
neartDy. So when the utility decided 
to test smart meters through a city- 
wide wireless network, most of their 
technologically-savvy customers didn’t 
biink an eye, 

The wireless mesh communications 
system allowed the utility to test a 
number of new technoiogies, such as 


automation of switches in substations 
fCH- outage restoration. Another benefit of 
using the wireless network is improving 
computer and electronic protections. 

“We drastically improved cyber security 
awareness and increased focus in that 
a-ea as a result of this project," said Mark 
Reed, Idaho Fails Power superintendent, 
“That's something near and dea to 
my heart,” 

Having a secured wifeless system means 
the utility can do more witti its smart meta 
system, or AMI — advanced metering 
infrastructure — and integrate those 
meters with the centralized computer 
system of a substation’s conUioi center. 
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The progressive utility has 1 3,250 smart 
meters, including 1 ,500 meters that were 
installed as part of this project. Ail 27,000 
customers are expected to have a smart 
meter by May 2015. 

Eight hundred in-home display monitors 
communicate wirelessly with the meters 
of volunteers, allowing a real-time view of 
their electric use either by the hour, day or 
month. Usage trends and costs, as w^l as 
important utility messages and alerts, are 
also displayed. Ail the information will be 
available on a web portal and mobile app 
that customers can access by fall 2014, 
making it even easier for households to 
calculate daily energy costs and estimate 
their bills. 

For one long time resident, the 
technology is about much more than 
crunching numbers, 

“I’ve looked at the climate data," said 
Jim Seydel, Idaho Falls Power customer. 
"I believe we're going to have more 
extreme weather, 1 believe under those 
conditions, we're iikeiy to have more 
outages than we’ve had in the past 
because of climate change, So, I’m 
iooking for ways that 1 can counter that," 

In short, these devices empower 
customers to take ownership of their 
energy us© and planning. Stilt, about 
1 35 customers tiave vetoed the meter, 

"i think there is just some confusion about 
what smart meters are," said Matt Evans. 


customer r^ations sup«Ms(x at Idaho 
Falls Power. “When they Google ‘artsrt 
meter’ they find »Dme inning things.” 

But the majority of the ccwnmunity, which 
attracts world-class CHJtdoor reaeatoists, 
regional business own^ and railtur^iy 
savvy patrons, has embraced these 
leading-edge techndogtes. TTiey can be 
fomd just e\^ywh^ ... even 
apfrfances. 

Hitting the snooze 
button on appliances 

Back in 1934, Idaho Fails was one of the 
first cities in the United States to adopt 
devices that could prevent brownouts. 
These devices were edile to cycle water 
heaters off, uang frequencies, when river 
flows were low or as households began 
installing electric ^pliances and using 
more energy'. 

Today, the methodology remains the 
same — only the communication tools 
are much more advanced. Loads can 
now be shifted to latey in the day when 
the cost of ^ecWcity fallen or demand 
has fallen. For this prefect, 217 volunteers 
tried a power axitre^ device. These devices 
cycle off electricity to appliances when 
the need for energy is tiighest. This 
avoids unplanned power purchases. 
Vifriich are more expensive. 

Heating and cooling costs account for 
most of the utility’s peaks. Forty-one 
customers signed up for programmable 
thermostats. With these “smart” in- 
home displays, the utility can make 
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very subtle temperature adjustments 
within households for brief periods 
when energy use is highest — - the utility 
equivalent of rush hour traffic. 

The newer systems are also more 
advanced. Idaho Falls Power alerts the 
customer before it makes any changes. 
The thermostat indicates when the utility 
plans to make a scheduled thermostat 
adjustment, and the customer always 
has the option to override or opt out of 
the utility request. 

ImproviiK' fcv'-sn t;,v 

autoinatsenT-J 

Another way to reduce energy consump- 
tion IS bv automating the distribution 
system. One uttle electronic device, a 
capacitor, is helping to make this happen. 
While capacitors have stored energy and 
stabilized voltage and power flows on 
distribution lines for decades, the process 
is getting smarter with two-way commu- 
nication, The stable and steady delivery 
of electrons saves time and money, For 
big industries, that savings can add up. 

Making malt for brewing beer, for 
example, takes a lot of energy. IFP's 
largest industrial customers are malt 
houses, whicti benefit from something 
called automated power factor control, 

A power factor is a measure of the 
efficiency of the power being used, A 
power factor of 1 00 percent means the 
voltage and current are cycling between 
positive and negative in unison, but when 
one lags behind the other, the power 
factor declines. The tower the power 
factor, the more power the generator has 
to supply for each watt being consumed. 

One way to improve the power factor is 
by installing banks of capacitors, which 
can automatically bring the current and 
voltage closer to unity. Idaho Falls Power 
purchased two capacitor banks as part 
of the project — one for each of its large 
commercial customers. The projected 
wholesale energy sawngs is $37,750 per 
year. But saving money isn’t the only 
benefit. 



“tt reduces the eiectric current on the 
line/’ said Reed, “which could defer 
the large capita! cost of an upgrade.” 
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Another way to use distributed 
automation is through conservation 
voltage reduction. In this case, CVR 
reduces the overall voltage on the 
residential feeder to 1 ,375 smart- 
metered customers. 

k “sei-liealiii” arid 

Let’s face it. Lightning causes power 
outages. That used to mean a utility 
worker would be dispatched to locate 
the fault and manually reset switches on 
the transmission lines to reroute power. 
Now this can be done automatically 
through fault detection, isolation and 
restoration, or FDIR — sometimes referred 
to as “self-healing” technology. This 
smart technology can instantly detect a 
fault and automatically reroute electricity 
to keep customers from losing power 
in the first place. The tool uses automated 
switching between two distribution 
system feeders and control algorithms 
to isolate the problem and restore the 
system. 

Savini some for later 

Electric vehicles can be great energy 
storage units, Of course, these mobile 
batteries also make great transportation 
tools. Incorporate a solar panel and you 
have quite a setup. 

Here’s tow if woAs: 

The solar pane! charges a stationary . 
battery during the day, That battery, with 
10,000 watts of capacity, is hooked up 
to the car-charging stations, When a car 
is plugged in, it draws 3.35 kilowatts for 
four hours from the stationary battery. 
That means two or three eiectric vehicles 
can be plugged in to receive a full charge. 

“The integration work was outstanding.” 
said Reed, “The AM! interface was really 
fantastic," 


The drive the test is to integrate 
distributed solar with distributed storage 
to optimize grid efficiency. It works — but 
with one problem. 

The test w®s ne«r!y cc»rip!ete when the 
vendor wait tenkrupl. Vris has left Idaho 
F^ls Power w^h no access to the software 


or any of the data that was collected, if 
the vendor never returns with the data, the 
utility is considering weeing with nearby 
Idaho National Laboratory to explore 
possible solutions to retrieving the data. 


For Idaho Falls Power, 
the next step is evaluation. 
Assessing the feasibility 
and cost-benefit of the 
smart grid technologies 
tested in the demonstra- 
tion project is essential. 


“St’s how we’ll determine which technologies have value 
for expansion across the entire system,” said Reed. 

And, of course, they’ll be sharing what they’ve learned. 
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Building a smart grid the cooperative viray 

Tucked in the mountains of Glacier Country in Northwest 
Montana, Flathead Valley’s grand landscapes and 
unspoiled freshwater lake attract recreationalists year- 
round. Legendary; small-town hospitality appears even in 
unexpected ways — like the local electric cooperative’s 
participation in the Pacific Northwest Smart Grid 
Demonstration Project. 


With 48.000 members, Flathead Electric 
Co-op is the second largest electric 
utility in Montana. Yet it maintains the 
cooperative spirit of neighbor helping 
neighbor. Wien granted the opportunity 
to help consumers reduce their energy 
use during periods of peak demand and 
save money on their monthly power bills, 
Flathead put its members' needs and 
Interests first, 

With the project in its fifth and final year. 
Flathead is planning for further investment 
in some of the technologies it has tested. 
The utility is also teaching others what it 
has learned. 

A solid foundation 

Flathead was a prime candidate for the 
project because it had already invested 


in develc^)ing an advanced metering 
infrastructure, a crucial component of 
the two-way communication between 
the utility and end-users. Households 
fitted with these advanced meters allow 
the utility to monitor electricity use in real 
time and identify peak-use times, when 
^ectricity is most expensive. 

This is different from conventional energy 
conservation because, while participants 
may not actually use less energy in tot^. 
they may choose to use it at times of 
lower cost to the co-op,” says Flathead 
Regulatory An£jyst Russ Schneider. “This 
has the potential to ultimately reduce 
power sufr^iy expenditures for members 
and the co-op as a w4iote.” 

Flathead's ot^trves includ«J completing 
installation of the adviced metering 
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infrastructure in northwest Montana, 
determining member preferences and 
comparing the cost effectiveness of three 
program options offered to members who 
volunteered. 

But first the co-op needed community 
buy-in. 

Peak Time 

Flathead emphasized customer education 
and outreach and put tremendous 
thought into designing a program that 
its members would support, down to 
the project’s name, instead of the teim 
"smart grid,” Flathead’s leaders chose 
a name they felt would better describe 
the pilot's purpose and resonate with 
members: Peak Time, 

'1 think that worked well for us, We wanted 
to be very clear about what we were 
trying to do as a cooperative,” says 
Teri Rayome-Keity, Flathead’s demand 
response coordinator. ’’And we also 
stressed what was in it for them — what 
ttiey would gain for participating. We 
basically used any kind of communication 
tool available and talked to every 
community group that would listen. We 
did a lot of boots on the ground stuff,” 



Pe^ Time aims to help energy consume 
reduce energy use when the demand for 
and cost of power is highest. This type 
of adjustment in energy consumption is 
called demand response. Smart grid- 
enabled demand response requires two- 
way communication between the utility 
and the end- users. 


The method fcx carrying out ttiis 
communication was ^so an important 
consid^atton for Flatbed. Based on 
axne inifi^ reactions from members 
about the of wireless networtcs 
to transit information, the co-op 
chose to use an “over the po\A?^ fine” 
approach, and anphasized that in its 
communications. 

To gath©- ttie most information ^3out 
rrtemb©^ preferences, Rafoead off©ed 
three options: 

OPTION 1; in-home display 

A free in-home disi^y unit 
notifies househdds of peak 
demand times, signaling them 
to reduce consumption until demand or? 
the s^tem declines. 

Participants receive a $5 monthly credit 
and an annual rebate determirred by their 
8n©gy consumption. If the participant's 
highest hour of use during the billing 
cycle is during a non-p^ak time, the 
participant receives $4/1<itowatt fw the 


difference in consumption between the 
highest non-peak hour and the highest 
peak hour. 

The in-home display was the least-costly 
option to implement, at about $125 
per member, its purpose was to show 
consumers how much electricity they 
were using and when they were lising it. 

Due to some limitations of the emerging 
technology, Flathead has been unable 
to use the tool as it had planned, such 
as to send volunteers data about their 
current use or billing information. The 
only information households receive is an 
indication that it is a peak time, signaling 
them to reduce their energy use until the 
demand on the system decreases. 

Keeping the households tuned-in to the 
tod diiring the five-year demonstration 
has been a challenge, 

“There is a little bit of attrition on a long 
project," says Schneider. “Utilities need 
to have an actionable activity for the 
members on a regular basis in order to 
keep them engaged," 


I think the biggest thinq tli 
misunderstood with srit?it 
way meters or remote met 
there's going to be more pt 
by that than having a person 
around your house once a 
the meter. There’s a little bit 
on the privacy/security aspt 
the public compared to wha 
^what they’re willing to accept 
hechnoloqy. ” * 
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f OPTION <■: Wat#^- ns atpr 
aemand-respcnse us .t 
A ucna''’ 1 'i'oo 

■'3iC‘CiU'’'*=^ \a'f' °'A-i i> ptotvvo 
hours during times of peak demand io 
reduce enet^y consumption. 

Members who volunteered for this option 
receive an $8 monthly credit. The co-op 
uses over-the-power-iine technology to 
operate each household's water heater in 
response to peak demands. 

The water heater cycling has produced 
the most reli^le savings across most 
peak demand events. On average, this 
option reduced energy consumption by 
0,58 kilowatts per unit. With an average 
installation cost of $413, the utility 
expects it could recover the investment in 
three to five years. 

"The demand response units attached 
to hot water heaters are very reliable," 
says Rayome-Kelly. '1 can't think of any 
significant challenges we’ve had with 
those, When we started this, we thought 
this test group would be the hardest one 
to sign people up for, because you're 
hooking equipment onto their water 
heaters. But people really accepted that 
quite well, it wasn’t a problem to get 
people to sign up.” 

Flathead received zero complaints from 
members regarding a lack of hot water. 

OPTION 3; Home Energy Network 

Volunteers paid $800 for new 
appliances — a dishwasher, clothes 
washer and dryer — plus an electric 
water theater demand response unit 
and equipment ttiat ertables the appli- 
ances to communicate with the utility 
over the members’ home wireless 
internet connection, 

Using a signal sent over the power line 
from the integrated advanced metering 
infrastructure system to each participant's 
wireless internet connection, energy- 
efficient appliances can be cycled off 
or put into an energy-saving mode 
as needed to reduce demand on the 
system. If the participant's highest 




hour of use during the billing cycle is 
during a non-peak time, the participant 
receives $4/kilowatt for the difference in 
consumption between the highest non- 
peak hour and the highest peak hCHjr. 

When Flathead offered a Home Energy 
Network option, it didn’t take long for the 
utility to realize it had taken on more than 
It had anticipated. 

“We hadn't planned on being in the 
^pliance business,” said Rayome-Kelly. 
"But as a small community, we don’t have 
any big box stores, so we had to look for 
a contractor to inst^ those for us." 

>V5piiance handling and installation 
scheduling became a newly acquired ^iti 
for some. 

'1 can level a wa^er ttre best of ‘em." 
Rayome-Kelly said. 


While the smart appliances proved that 
they couid reduce household peak 
energy use by up to 2.34 kilowatts, it 
was the most costly option to implement. 
It cost about $2,500 more to install the 
smart appliances and related equipment, 
compared to the cost of new traditional 
appliances. 

Flathead also learned that the integration 
of different technologies can be messy, 
Technical issues arose from the use of 
interoperable appliances, which struggled 
to communicate with the Home Energy 
Network, Vendors had to learn about 
new technologies ^d new products, 
and figure out how to rriake them work 
together. Flathead also faced challenges 
integrating its own internal systems with 
the Home Energy Network. 

At the erid of the day, the co-op’s pilot 
project gathered important data and 
learned key lessons to improve future 
implementation. 
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With a toolkit of expertise and lessons learned, the co-op 
is ready to get started with a demand response program 
that makes sense to the bottom line. 

“We’re already planning to do an extended water heater 
program,” says Schneider. “We’re planning to connect 
1 ,000 water heaters each year for five years,” 
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Smail steps to a smarter grid 
Listen to a planning meeting at Northwestern. Energy, 
and you’ll likely hear: deploy at the speed of value, and 
stay oh right side of the repair-versus-replace Ourve. 
Decisions here are made very careWly.-After dl, this award- 
winning, investor-owned utility serves one of the largest, 
most geographically diverse territories iti the rsgten. With an 
inftastructure that spans over 28,000 miles: of transmission 
and distribution lines acro.ss three states,, planning'; ahead 
is irnporta.nt. Especially as the 500,000 poles, components 
and wres get older; 


A plan to upgrade Its basic distribution 
system was already In the works when 
the opportunity arose to take part in the 
$1 78 million Pacific Northwest Smart Grid 
Demonstration Project, Improving upon 
existing infrastructure using smart grid 
technologies just made business sense. 

"We weren't quite ready for it," said 
George Horvath, manager of automation 
and technology for Northwestern, “We 
expected that the technologies would 
advs^ce, change and be improved over 
two to three times during the course of 
the project." 


So going small-scale was Northwestern’s 
scrfution. 

With its $2,1 million investment. North- 
Western ateo planned to team from the othe- 
participants. 

Customer side if 
the meter 

A perfect urt)an area to test new tech- 
nologies turned exit to be Helena, Mont. 
With 30,000 custom®^ and an eiectnc 
load of 90 megawatts, Helena had 
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the right mix of customers and basic 
systems. 

Ft..fi.srr recruit participants. Around 
200 residential customers and two 
commercial buildings from the State of 
Montana were enlisted to take part in tfie 
nation's largest test of new smart grid 
technologies. It took two marketing 
campaigns and extending the area beyond 
Helena to reach recruitment goals. 

HEKT si£:p: install equipment. Residents’ 
homes were fitted with switches to 
control appliances, outlet-type switches 
that turn regular electrical outlets on and 
off, as well as programmable thermostats 
and energy system display devices. 

Installing the equipment was easy. 

Educating customers and learning from 
the experience look more time, 

Workiiii closely with 
customers 

“We hired a company to work directly 
with our customers and teach them how 
to benefit from the equipment in their 
homes and to learn to use it effectively," 
said June Pusich-Lesler, Northwestern's 
demand side management engineer, 

Training included how to program the 
equipment and use a web portal, A web 
portal is another name for a dedicated 
website that has special functionality. 


The portal showed past energy use. as 
well as the energy consumption of every 
device connected to the netwc8l<. A 
monthly electronic newsletter was also 
sent to educate customers. 

The benefits were twofold. Customers 
could see their energy use to better 
understand ways to save, and North- 
Western ganed sTsi^t sito what customers 
want arid what they are willing to do to 
conserve energy. 

Would customers respond to a reward? 

Time of use and 
demand response 

Residential customers were set up for 
time-of-use pricing. These programs 
help the utility to control some of the 
consumers' electrical 
load in response to 
grid conditions and 
the price of electricity, 

Here’s how It worked: 

Montana has a flat 
residential rate, but 
the demonstration 
project offered a 
regional fMice. So few 
testing purposes, the 
rate fluctuated. Each 
customer recced a 
signal that dispiay«3 
the price of electricity 


as low. medium or high depending on the 
time of day, the day of the week and the 
month or season. 

Customers responded by adjusting and 
programming the equipment, attached 
to a home area network, based on 
the pricing schemes. As a result, load 
decreased during peak time.s of use, 

“We rewarded our customers for energy 
savings." said Pusich-Lester, “With the 
smart meters and the communication 
network working together, we could read 
energy usage in 15-minute increments." 

If a customer lised less energy v\^ien prices 
were high, Northwestern credited the 
customer’s monthly bill. As of September 
2014, total savings from the time-of-use 
pricing totaled $13,787 for al! customers, 
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The system also gave the utility direct 
contro! over some residential customer 
loads. 

“Now we are able to send demand 
response events directly to the homes." 
said Pusich-Lester. 

With the ^ility to control home appliances 
using two-way communications, North- 
Western reduced home temperatures or 
turned off appliances when the price was 
high in the middle of the day. Demand re- 
sponse and time-of-use methods provide 
flexibility while saving money. 

Other technologies focus on overall 
efficiency. 

TsliSy;- ‘BaiiChiin = 
ftfficiiisry 

We’re ail familiar with the concept of energy 
efficiency. Consumers reduce power 
consumption through choices in lighting, 
insulation, ^pliances and many other 
methods. Utilities have been woi1<ing with 
customers to improve energy efficiency 
for more than 30 years. 

But there's a new player in town. 

Distribution voltage optimization, or DVO, 
lowers the energy consumption on a 
whole feeder - the line that delivers 
electricity from a substation to a home. 
By dropping the voltage on a circuit — 
while staying above the minimum level 
necessary to operate electric devices — 
the customer’s energy costs decrease. 
“We flatten the voltage profile, make 
voltage adjustments, and save energy for 
the whole feeder." said Horvath. 

According to industry data, a potential 
exists to shave one to three percent of 
circuit load using this technique. 

Utility side of 
the meter 

Keeping the lights on is a mission of 
every utility. Until smart grid technologies 
came along, distribution systems were 
in the dark. Utilities were unaware of an 
outage untii a customer called to report it. 


Now, new techrxtogi^ on tiie utility side 
of the meter autrxrratiai to improve 
reii^iBty by det^ting a iM'tAiiem, Iscrfating 
rt, arxJ ttien r^torlng as many ajstorr«rs 
to s^ce as possible. 

TTiis type of s^tem is called disttttsution 
automation or self-healing technology. 
Compute quicMy react to ^rtrical 

issues tfie ll<e a faiA in a feeder. 

Virithrxit interv^tion from an operator or 
line worker. Northwestern tested Fault 
Detection, isolation and Restoration, or 
FDIR. 

"We configured circuits with remote 

to morrtor drctite with centrd 
software, and to be to reccxifigure 
drxxjits « of isaj^,” sad Horvath. 

Since October 2012, the system has 
already automatically reconfigured 
and mitigated customer service on the 
feeder fcr two outages in Hdena. That 
means shorter outages for customers 
and resource sawngs for NcwlhWestern. 

Testing technologies to sdve real- 
time, real-world prcfcl^ns is what the 
demonstration is ^l abojt. Still, many 
lessons were also learned in the research 
and development initiative. 


Lasssns to share 

Northwestern’s goal was to make slow 
improvements to pr^^ate for larger business 
objectives and to learn how to invest 
in products and services that have 
longevity. 

“We definitely realized our objectives," 
says Pusich-Lester, 

One unexpected lesson was in selecting 
vendors. Some vendors evolved or went 
out of business, leawng the utility stranded 
with products that didn’t work. The 
complexity of integrating components 
from different vendors while building the 
systems was also unexpected. 

Other notable lessons froiT! 

Northwestern: 

• Start with a small project — it makes 
the business case analysis easier 

Emphasize the importance of customer 
education with project stakeholders 

® integrate a customer information 
system to smart grid at the start 

■ ’ Work closely with customers to 
understand new system enhancements 
and in-home display features 


ii We’re going to have the of aii 
the other, much larger prc^^5 from the 
demonstration, reading th^gih then 
evaluations, and learning them. It’s an 
important part of our projecl,|wliat wi' ve 
' learned and accomplished, so now we c:!ii 
better communicate about the smaif gut! 
witli oui legulatois and custonieis in the 
future " 
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' Billing system integration for new 
programs requires significant planning 
effort 

Build a distribution management 
system first, then add smart grid 

Allow sufficient time and money 
cushion for communication backbone 

First-time equipment rollouts have 
engineering, IT system, communication 
and business program learning curves 

In your risk analysis, consider the 
possibility of a vendor going out of 
business during your deployment 

'The project has helped to mold our thinking 
on how we plan on a larger scale," said 
Horvath, "We might do things differently 
now from the big picture perspective,” 






Dject, 

1 kept a 
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and worked 
hat right 
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replace curve. Outcomes 
from the project will 
inform future smart grid 
improvement processes 
and projects. 

‘We will continue to invest 
in the basic infrastructure 
and incorporate new tech- 
noiogies where they make 
sense,’’ said Horvath. 
“This project provided a 
foundation for us to evalu- 
ate something much larger 
going forward,” 
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lilton-Freewater: A frontier for new technology 

Oregon’s oldest city-owned utility is far from old-fashioned. 
In fact, it’s a power pioneer in the Pacific Northwest. 
Since 1985, Milton-Freewater City Light and Power has 
reduced peak energy use with a technique called demand 
response. Demand response may not be the talk of the 
town, but it’s still a big deal to this homegrown utility. And 
it’s one of the many technologies the Pacific Northwest 
Smart Grid Demonstration Project intends to advance. 


Milton-Freewater is the only public utility 
in Oregon chosen to take part in the 
nation’s largest smart grid test. 

With Milton-Freewater’s $1.8 million 
investment and DOE'S matching funds, 
the rural utility upgraded its historic 
demand response program and tested 
some newer technologies, such as 
voltage reduction and voltage-sensing 
water heaters. 

Of the 60.000 metered customers involved 
in the regionwide project, Miiton-Freewater 
City Light and Power is the smallest 
participant with only 4.550 customers. 
The utility did not hire any additional 
staff except for a contractor to perform 
installations, because the utility's only 
electrician had retired. 


Blazing the trail for 
demand response 

When not at his cherry orchard, retired 
city electrician Bill Saager enjoys the 
cowboy shooting range just outside of 
town. The 75-year-otd bandana-wearing 
quick-draw installed the city’s original 
danand response units — ^1 500 of them. 

But getting and using a contractor's 
license wasn't easy. Saager convinced the 
State of OregcHi ConstnjcWon Contractors 
Boand to forgo the inajrance and bonding 
requirement because he was only doing 
work for the utility, not the customer. 
Clearly, Sa^a is a fen of anart technology. 

“1 think that utHities are really missing the 
target if tiTey don't pursue some type of DR 
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in the future." said Saager. “You can r^tty 
extend the capabilities of your system." 

Milton-Freewater’s original demand 
response program used a radio energy 
management system, or REMS, to 
control electric water heaters and electric 
heating and air conditioning systems. A 
centralized computer system monitot^d 
the power demand and sent a radio signal 
to the REMS units to cycle off connected 
loads to reduce energy when the peak 
demand set-point was reached. 

The city’s goal of the Pacific Northwest 
Smart Grid Demonstration Project has 
been to enhance its already highly 
successful demand response program. 

Listen. Respond. 
Repeat. 

To do that, the newer technology must 
go one step further, by listening and 
responding from both sides of the com- 
munication. With a smart meter system 
that uses two-way communications, the 
utility confirms that the demand response 
units receive the signal and controls the 
amount of time the electricity is shut 
off. The goal is for the entire demand 
response process to go unnoticed. 


Wat©- heatera, electric heatae and w 
ct^idBoners ^ catneded to ttte ctenaxJ 
respoT^ system to Wm »ieigy use when 
a ^-pdnt is reached, to three 
megawatts can by tee 

^tergy in 754 (Xistcxners’ hCKTies. 
bu^^sses aid evai churcf^. 

Ref^cing the old units with the newa' 
modds spurred a lot of questions. Many 
custaners didn't Imow tee units existed. 
A few v«re siKpwacxJS of tee utility insta^ig 
new, more intelligait units. But only a few 
opted out. 

“We found that maiy homes had changed 
tenants," said Tina Kain, engineering 
technicf^ for the city. “New residents 
were unaware of tee DR units, which is a 
great sign. The undisruptive units helped 
residents save money without even 
knowing it." 

To aitice partkapation, a rate discount 
was offered to customers: 

' 2.5 p®i:ent for water heaters 
* 2.5 percent on electric heating 
® 1 percent for air conditicxiing 

DR is used as a last resort in the peak 
shaMng process. When the system 
to accroach its peak energy use, the first 
step is to reduce voltage by 4.5 percent. 


Next, the city shuts off the wells that are 
connected to the centralized computer 
system. Finally, DR units are employed. 
Reverse order restores the system to its 
original state. 

The incredible value of 
the smart meter 

Every customer of Miiton-Freewater City 
Power and Ugiit is now set up with a 
smart meter that uses two-way commu- 
nication over the power line. With these 
more advanced meters, energy use is 
monitored every fifteen minutes. That 
means better customer service, such as 
helping homeowners troubleshoot high 
bill complaints and remote meter read- 
ing. On selected meters, a device called 
a disconnect collar, which allows for a 
remote disconnect or reconnect, was 
installed. 

One of the biggest benefits is a smart 
meter's ability to quickly detect an 
outage. Previously, the utility wasn’t 
aware of an outage until a customer 
called it in. A crew was then dispatched 
to investigate and do the repairs. Often, 
the process could take hours. Now, many 
outages are fixed in minutes, saving 
the utility both labor and transportation 
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You can see from our history that Miiton- 
Freewater City Light and Power is innovative 
and forward thinking. It’s about planning 
ahead. We all know that electric rates 
probably aren’t going to be going down any 
time soon, so if a new technology pencils 
out now, it’s going to be more beneficial in 
years to come.” 


expenses as welt as providing better 
service to the customers. 

Conservation voltage 

reduction 

Conservation voltage reduction is Milton- 
Freewater’s first step to address a peak 
on the system. Substation voltage 
regulators lower the system voltage 
by 1 ,5 volts on four feeder lines out of 
the Milton Substation. This reduces the 
megawatts used on the entire system 
while still maintaining adequate distribu- 
tion voltage. 

To test the theory that every 1 percent 
in voltage reduction leads to a 1 percent 
reduction in kilowatt-hours used, Milton- 
Freewater reduces voltage one week, 
and then returns it to the status quo the 
next, By alternating weeks, the utility will 
be able to compare the two datasets 
and calculate the benefits once the 
demonstration is complete. 

Specialized water 
heaters 

To further test possibilities with conserva- 
tion voltage rediiction, Milton-Freewater 
instc^led 1 00 demand response units on 


water heaters that c^3®ate wdien the city's 
volta^ reckictiat ooxjre. The demand 
tB^X)nse unite a’S proyammed to sense 
voltage and teim off corviect^j load. 

Although the water heaters worked well 
with the voltage reduction system, they 
didn’t work so w^ with another part of 
the project — the transactive control 
signal. This signal is being tested as part 
of the demonstration across a multiple 
utility footprint to assess the feasibility of 
automating the trade of energy based on 
many conditions, such as the availability 
of wind or solar power, for a regional 
benefit. 

When the transactive control signal acti- 
vated a voltage reduction, the demand 
response units turned off the connected 
water heaters, and they stayed off until 
the voltage reduction ended. When the 
signal lasts longer than five or six hours, 
the customer may run out of hot water, 
resulting in customer complaints and 
countering the city’s goal of ensuring 
demand response goes unnoticed. 

Sizing up the study 

Even though the city has been doing 
demand response for three decades, 
testing new technologic prescted 
challenges. 


First, differences between the original 
and new demand response systems 
were disappointing. The old REMS units 
operated 20 minutes on, 15 minutes 
off. so Milton-Freewater could reassure 
customers that their water heaters would 
be turned off no longer than 1 5 minutes. 
But the new units turn on and oft in an 
inconsistent, unpredictable pattern, which 
is a little more difficult for customers to 
accept. 

And that wasn't the only challenge with 
the units. They ail cycled on or off at the 
same time, creating their own peaks and 
valleys. Innovative solutions were needed 
to stagger the units. 

Data storage is also a problem. Unless 
the data is manually extracted from the 
unit before its next operation, the data 
is lost. That means the utility cannot 
determine how well the unit woi1<ed for 
that cycle. To work around this issue, the 
research laboratory will analyze meter 
data to determine load fluctuations from 
the demand response units. 

Overall, lack of resources has been one 
of the largest challenges for the small 
rural utility — the employees had to learn 
a whole new system while doing their 
regular jobs, But that also demonstrates 
the city’s dedication to keeping rates low, 

“Every little bit counts,’’ said Bill Saager, 
the retired electrician-turned cowboy, 
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As a result of the lessons 
learned from the project, 
the city plans to discon- 
tinue conservation voltage 
reduction. Even though 
it has provided some 
benefits, operating more 
than one voltage reduction 
system at the same time on different feeders was confus- 
ing for work crews. 

Furthermore, once the project concludes, the city will 
explore transactive control opportunities based on the 
needs of the city and the potential benefits. 

Other ideas for the future include a customer pre-pay 
system so that energy use can be managed based on an 
individual family budget. 

‘We’re at the point of trying to learn what we can do 
with the system,” said Rick Rambo, the electric utility’s 
superintendent. “I know we’re not using it to its full 
potential.” 

Still, the tried and true prevails. Demand response will 
continue as it has since 1985 across the city’s entire 
electrical system, with fine-tuning of the operation as 
needed and with very little impact on the customer. 
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CoW-climate ce-op heate up with smart grid 

Lower Valley Energy provides electricity fa one of the . , . ■ 
biggest resort towns — Jackson Hole, Wyo, — in one of 
the coldest climates in the NortJiwest. At We southern , . 
base of the Grand Teton and Yellowstone national parks, . 
out-of-town visitors and residents alike tiely on thetiome- 
grown electric co-op for heat, hot water and light — -r 
especially during cold snaps when the demand for power 
is highest. 


That's one reason Director of Engineering 
Rick Knori wanted to compiete the 
utility's depioyment of its smart grid 
rheteririg'systerh md help its. more than 
26', OOb'electilc customers better under- 
stand: their energy use. That opportunity 
surfaced withithe Pacific Northwest 
Smart Grid Danonslration Project. 

With a focus on exceptional customer 
service,: reliability and low rates, Lower 
Valley Energy jumped on the chance 
to improve the way it provides services. 

Smart meters and 
demand response ■ 

Before the project, more than 12,000. or 
nearly half, of Lower Valley’s members 


had smart meters that allow for two-way 
conwunications between the utility and 
end-user. As of Marjh 2014. 100 perc^t 
of its members had smeui meters installed 
in their homes. This technology' is a 
necessary component of many smart 
grid technologies, including water heater 
demand response, which allowrs a utility 
to cycle off participants’ water heaters 
during times of peak demand to reduce 
energy consumption. 

High'^d tourism is big business in the . 
Grand Teton area. Oie county in the 
LOWS' V^tey service area is consistently 
rated one of the tc^ five wealthiest 
counti^ ^ the Ifoited Sates. So. it's no 
suri:»1se that hot water is a hot commodity. 
Getting a cc^dimate comnufliity wsmed 


I UHtBR VALUyM^^ 

I At!™, VKyominB J , , 

I X Began in 1 937 with 1 0 members 

I 

* » Provides electricity, natural gas 
and propane 

» 5,61 6 square-mile territory 
» 26,406 elecWc customers 
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I MSESTIBEW ' , " ' 

I $1.2 million 

I iffimHWTS."': 

I » Adaptive Voltage Control t 
I » Complete AMI rollout 

I 

I F8B 8MRE IKORliiTiOi. ■" 

I Rick Knori (307) 739-6038 : 
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up to a program that even hinted at the risk 
of a cold shower was a tough sell. 

A $15 a month incentive to participate 
in the demand response program just 
wasn't enough for some members, but 
for others it was worth a try. Ultimately, 
the co-op deployed more than 500 
demand response units and used them 
to temporarily turn off customers' water 
heaters during periods of high demand, 
when energy prices are highest, thereby 
reducing energy consumption. 

They worked excellent," said Knori. 
These are going to be long-term assets 
that we keep and control," 

Now there are 100 people on Lower Valley 
Energy's waiting list for a water heater 
demand response unit. 

rMia;.Nv't tfditege 

:• '^Ofpflsc 

The most successful assets Lower Valley 
deployed were tools for adaptive voltage 
control, which can reduce a customer's 
overall voltage during brief high-demand 
periods and result in short-tsim demand 
reductions, 

Using regular feedback from its customers' 
meters, Lower Valley reduced voitage — 
and therefore demand — during peak 
load periods at the utility’s East Jackson 
Substation. This technology provided the 
greatest benefit for the least investment of 
time and money. 

Warren Jones, Lower Valley's distribution 
engineer, programmed the adaptive 
voitage control signals. 


“I tt^k it was a surprise for us Ixw well 
the adaptK« \«^t^ csxrtrd worked,” sad 
Jcr^. “That’s the cr»e ! v/oiid suggest 
to other utilities ttiat have advsuTced 
metering HifrastaictiBB in ptece. It does 
open up scsne oppcrhjnities fcx" a utity to 
use that intelii^ce to actually tower your 
voltage." 

Adaptive voitage contid has Hie potential 
to greatly lower future monthly demand 
charges paid by Lower Valley to 
Bonne\rit!e. reducing energy costs to 
customers. The test case also proved 
that Lower Valley can eadly expand 
adaptive voltage ccxitroi to all of its 
distribution system substations in the 
coming years. 

Solar success 

Lower Valley wanted to capture wnnd 
and solar power during the day, store 
it in batteries and discharge it during 
the utility’s two-hour morning peak. 

The purpose was to test whether new 
technologies could reduce transmission 
system losses and improve voltage 
stability <xi a 60-mile distribution line 
to Bonduranl. Wyo. At its Hoback 
Substation, Lower Valley installed a 
system of renewable ena-gy resources 
and battery storage, including one 
15-kilowatt solar photovoltaic, 
one 20-kitowalt windmill set and a 
200-kilowatt-hcxif battery. 

“The sdar aid wertere wtxked fla'Messly,” 
said Knori. “We’re getting about a 1 7 to 
1 8 (percent capacity factor out of those 
units. And they're working trouble-free. 
But the windmills were kind of a bust," 


After two years of operation, the total 
output of the four windmills was about 
80 kilowatt-hours. Lower Valley installed 
an anemometer on the windmills to prove 
to the vendor that the turbines were not 
producing to tfie expected capacity. But 
by the time the data was available from 
the anemometer, the vendor was out of 
business- 

The battery storage — the newest of the 
technologies also presented some 
challenges. The batteries arrived damaged 
and had to be replaced, which caused 
a delay. After a couple of programming 
issues were worked out with the vendor, 
the batteries were up and running, but at 
half the expected 1 20 kilowatts of storage 
capacity. 

in-home displays, 
in the drawer 

Lower Valley also installed in-home display 
units to provide consumers information 
about their energy consumption, It was 
a lot of work for crews to install the 400 
devices. Yet with minimal customer 
feedback, the tool's impact on consumer 
behavior is unknown. 

Knori believes that few customers are 
paying attention to the display units 
because newer tools, such as smart 
phone applications that perform the same 
function, outpaced the in-home display 
technology. 
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In the Pacific Northwest Smart Grid Demonstration 
Project, Battelle leads a collaborative effort that includes 
the Bonneville Power Administration, 1 1 utilities and six 
technology companies, Battelle also was a partner in the 

AEP Ohio gridSMAFTT Demonstration Project. 

Battelle has been headquartered in Columbus, Ohio, since 
its founding in 1929 and is a research and development 
organization that also designs and manufactures 
products and delivers critical services for government 
and commercial customers. Battelle’s contract research 
portfolio spans consumer and industrial, energy and 
environment, health and pharmaceutical, and national 
security. As part of its government-related work, Battelle 
manages national laboratories, including Pacific Northwest 
National Laboratory in Richland, Wash. 

Battelle Is the world’s largest nonprofit research and 
development organization, with over 22,000 employees at 
more than 60 locations globally. A 501 (c)(3) charitable trust, 
Battelle was founded on industrialist Gordon Battelle’s 
vision that business and scientific Interests can go hand- 
in-hand as forces for positive change. Batteile’s strong 
charitable commitment to community development and 
education includes a focus on staff volunteer efforts; 
science, technology, engineering and mathematics (STEM) 
education programs; and philanthropic projects in the 
communities Battelle serves. 
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Smart irid prof ides power bridge to Fok Island ' | 

Nearly half of Fox island’s 1 ,200 residents moved here I 
to retire by the water. They sail. They hikeV; They kayak I 
in scerite Puget Sound. But the highly educate itiaritime .. ' | 
residents also expect the same reiiabte etectrtei^ they once , | 

enjoyed in the city. That was a challenge for the tftility that f 

relied on aging cables to deliver the island’s electricity;, ■ | 


Yet it was also an opportunity to test new 
technologies to Improve service, and the 
reason Peninsula Light Co, applied to 
participate in the Pacific Northwest Smart 
Grid Demonstration Project. 

PenLlght invested $1.2 million in the . .. 
$178 miliion cost-share project. Just in 
time, too, 

A critical need ' 

PenLight serves of Fox Island, which, 
given its watery surroundings, has no gas 
service. That means many residents and 
businesses ae dependent on electric pov^ 
for everyday needs. Two cables driver 
etectridty to the island: one submarine cable 
and the other attached to a bridge. 


"During the summer of 2010, the submaaine 
cable that was installed in 1 970 started to 
fal." said Jonathan White. PenLight director 
of Marketing and Member Serwces, “An 
anal^s determined that if the temperature 
fell below 20 degrees Fahrenheit, the 
ability to maintain load on the island’s 
remainirrg circuit would be difficult.* 

To cope with potential outages, a com- 
prehensive strategic plan was developed. 
The plan induded rolling blackouts, backup 
diesel distributed generation and a smart 
grid program. 

"Fox idand b«jame a »nart grid test bed." 
said Mike Simpson, PenUght’s manager 
of Engineering. “fOrowing there was an 
aging issue with one cable, we thought; 
let’s look at denwid re^nse to reduce 
the load." 


Peninsula Li g ht Co. 

The power to he... 

GiS Harbor, Wasii!ngtoii ' 

» Member owned since 1925 

» Second largest membership of any 
co-op in Northvvest 

* 997 circuit miles of line 
» 1 1 2 square-miles of service territory 
® 31 ,000 metered customers 

I IKVES'WSlif;, 

I $1,2million . , 

j famiewts. 

I Power Sharing 
I » Power line-carrier system 
j « Self-healing network 

I • Integrated volt-VAR control 

FflH iwe'aslifoa,ii«i6.i, ... 

I Mike Simpson (253) 857-1580 
j www.PenLight.org ■ I ' ^ 
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By September 2010, with winter quickly 
approaching, a demand response mar- 
keting program for electric water heaters 
called Power Sharing was launched. The 
program would reduce electric demand 
when needed by controlling residential 
water heater operations during peak load 
time periods. 

Community meetings were held as con- 
struction started on a new cable 40 feet 
below Puget Sound. The participation 


goal was to get 400 of the 1 ,700 metered 
customers on the island to participate in 
the program. Volunteers were offered a 
$5 credit on their monthly power bills. 

“You don’t have to tell the light company 
about this, bLft I would do it without a 
discount," said Dick Olszewski, a PenLight 
customer, "Electricity is something you 
must have to sitrvive. Being on an island 
makes it niore difficult, but it's worth it." 

A few months later, the old cable partially 
failed. That's when the program fast- 
tracked its way to load reduction during 
the coming winter months. By the end 
of December 2010, approximately 25 
percent of the targeted customers were 
on board with the project. A month iater. 
an additional 10 percent had joined. By 
February 201 1 , the goal was met, 

During several low-temperature days, a 
phone message was sent alerting island 
residents of the low-temp risk and that 
the utility would begin cycling off water 
heaters, 

"We were sending communications 
out to the members that this was a 
crisis situation and that we needed 
their assistance,” said White. "Rolling 
blackouts were imminent if the demand 


respcxise program and 
vdcBitary curtailment 
f£uJ«j to meet the n^d." 

The emergency ptoi 
worked to get the idand 
tiwugh the winter. 

One bit every 
20 minutes 

Communication sent 
to the water heater 
controiiers, turning them 
on cx" off, worked well. 

But getting data kom 
the controitea back to 
the utility over its pow/o" 
line-carrier data collection 
system was another story. 

The technology sent the 
data along vwth eiectridty through the 
power line. \Nhite these systems are 
generally known for being low-cost, they 
have agnificant bandwidth limitations. A 
smart phone or streaming TV connection 
delivers 10 megabits per second — 
PenLight’s system could only deliver 
one bit every 20 minutes. Hourly meter 
reads created challenges for the required 
project reporting. 

With 500 homes on the island participating 
in the progran and with the low speed of 
data transmittal, it was hard to tell if the 
program was working. 

"We realized we had to get higher speed 
communications or it would be difficult 
to determine how effective it would be to 
use the system throughout the rest of our 
service area,” Simpson said, 

A cellular solyflon 

Ceilular-based transformer monitors 
provided a perfect work-around. 

The device — part of PaiUghtls 
systemwide moiitcsir^ progam — 
w^e instsJled to me^.^, in 1 S-minute 
intaA/ste, traisfCMme- loads and condittons. 
This monitoring was critical to the 
ongoing reporting requiroiwits of the 
demonstraticxi, c^lov^ng the utility to 


know if a hot water tank was turned off 
£md if so, precisely when. 

In addition, gathering data at the trans- 
former meant that a demand response 
event could be validated at one point for 
multiple participating homes. That means 
the utility now knows, on a cost-per-unit 
basis, wliether It’s practical to deploy the 
system elsewhere. 

Shorter and shorter 
and shorter outages 

Imagine a grid that fixes itself when a car 
hits a power pole or a storm trips a wire. 
That’s exactly what a self-healing grid 
does. The system detects the fault and 
then isolates the problem quickiy — within 
minutes - by automatically deciding 
which switches on the transmission 
system to open and close. The result: 
fewer members affected. In addition, 
wo!k crews know the piecise location to 
investigate. Eliminating the need to patrol 
(he entire circuit saves time and also 
reduces the length of the outage. 

For some, adopting such technology 
without hands-on experience is tough to 
embrace. That’s why PenLight is taking 
time to iearn about the operation of the 
system atid how to get the most value 
from the demonstration project for its 
customers. 



iSlANC 


C»r ixK 

' N 




312 


“It’s difficliit to embrace what the system 
can do,” said Simpson, "You're allowing 
it to exert control automatically. It’s one 
thing to accept the technology; it’s another 
thing to trust it." 

The system — installed in strategic 
locations on the island — will ultimately 
be allowed to minimize the impact of an 
outage on its own. But until that trust is 
established, a person still needs to hit the 
button to execute the fault isolation. Still, 
it didn't take long for the system to flex 
its muscle. 

When a large tree fell on a major feeder 
and disrupted power to 1 .300 customers, 
the system quickly identified the location 
of the problem. Then a foreman opened 
up a switch to isolate the damaged section. 
The crew then (Stored the rest of the circuit, 
which brought about 1 ,000 customers 
back on line within 30 minutes. It took 
four hours to bring the remaining 
100 customers on line. That reduced the 
number of customers who were affected 
by the longer outage by 80 percent. 

Eventually, the utility may give the system 
actual control, but that will take time and 
a clear underst^ding of how well the 
system works. “It’s about having complete 
confidence in the system.” said Simpson. 

¥olts-¥AR 

Every home typically gets its electricity 
from what’s called a feeder - the wire 
outside a home connected to a substa- 
tion, The voltage is higher at a substation 
than it Is at the other end of the line. Utili- 
ties wort< to flatten these voltages so they 
are more consistent using devices called 
regulators and capacitors. When the volt- 
ages are about the same, the utility has 
more flexibility to raise or lower voltage, a 
tool that can increase or decrease energy 
consumption during a demand response 
event, without the voltage getting too low 
for homes further down the line. This is 
called Integrated Volt-VAR (volt-ampere 
reactive) Control, or iVVC, 

PenLight initiated a Volt-VAR control project 
but couldn't automate it as planned, due 
to the impact to capacitor switches on 


the power-llne-carrier sv^t^, gs well 
as software and morttcffing concerns. 

In addition, tiie tKhndcgy requires \«ry 
accurate voltage measwwnents, which tiie 
utBty’s ojnmt tedindogy fen't sirfe 
top»wide. 

TTie sm^ ^d IWC sdutton txjHt 
to address a gioba! ma1<etidace whidt 
requires data measuremait at five-minute 
intervds. PenUght has a small distribution 
network with very short f^d^, so there 
is not a lot of variation across the feeder, 
particularly over flsre-minute intervals. 

“You see a little voltage fiuctuaticMi at the 
beginning of the day and a fitWe at the end," 
said “Rve-n^nute tsaeframes 

wa^ a iitUe off-puttbig becajse you need 


measurement devices in the field and data 
transport mechanisms, which is costly," 

As a compromise, PenUght used the 
transformer monitors to gel very accurate 
voltage measurements, capture them 
over 15-minute intervals along with the 
load data, and then used a man-in-the- 
middte approach to adjust the voltage. 

More lessons to share 

Some lessons learned in demonstration 
projects are qualitative, like in managing 
change. 

“it's important to ensure that everyone par- 
ticipates in the decisions about operational 
change so the entire company supports it,” 
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said Simpson. “If new processes and pro- 
cedure are thrust upon empbyees who 
have been doing business the same way 
for a very tang time and trust that process, 
it’s difficult to make determinations about 
the new solution. Because you're really 
dealing more with perceptions and how 
comfortable people are with something 
rather than the value you’ve built into if.” 

Other lessons to note from the team 
include: 

Have operational personnel involved in 
equipment selection. The overhead 
switches are awkward and difficult to 
manually operate for some line crews. 

Ensure that the geospatial database is 
very accurate if purchasing a system 
model out of the box. 

Use more than one vendor when 
integrating software. With just one 
vendor, it's really difficult to identify the 
root cause when there’s a problem, 
When integrating tools from different 
vendors there is an integration point 
and a boundary that assists in 
problem-solving, 

' ■ Be as clear as possible about team 
responsibilities — be strategic in 
assignments according to the 
functionality of a device and the role of 
a team member, 

‘Often, sharing the lessons learned is the 
most valuable part of a project like this." 
Simpson said, 


The member-owned 
utility intends to ensure 
that resilience is buiit into 
the system. One way to 
do that is by being veiy 
proactive. They will take 
a step forward by taking 
a look back. Technology 
platforms installed .over 
10 yea.'‘s ago may need to be uoqr sded irv' ti .. 
PenLight will determine how those tcchf oicgucs v, . . 
integrated into other platforms. 

After ail, many customers are already on board. 

“This type of technology is not a bother,” said Olszewski. 
“It only operates when there’s a peak that’s taking place.” 

!n today’s world, there’s really not a single right path from 
one utility to another. Every utility has its own unique 
challenges. PenLight’s included being surrounded by 
water. 





Reiewatle expansion for a historic utility 

There’s a lot of sunshine in the heart of Washington State. 
So much so that the City of Ellensburg uses the area’s 
most abundant natural resource — the sun — to help meet 
the needs of its energy consumers. In 2006, the nation’s 
first city-owned community solar array was installed north 
of Interstate 90. The successful system brought with it 
an audience of onlookers and inspired lawmakers. So, 
when the chance to expand its renewable resources came 
along, the utility sought funding from the Pacific Northwesi 
Smart Grid Demonstration Project. 


Washington State’s oldest municipal utility 
invested $850,000 to test the effectiveness 
of a variety of vt^nd and solar systems aid to 
gather information to share with the public. 

What the customer 
wants 

In this tight-knit town of just under 1 0,000 
people, when the customers speak, the 
utility listens. One message was loud 
and clear: Offer more distributed energy 
options. 


“There was a lot of interest in residential 
wind and solar generation," said Larry 
Dunbar, the city’s director of Energy 
Serwces. “So we wanted to test which 
ones would work." 

After ^!, the dty had already achieved great 
success with the 300-watt solar array at 
the Ellensburg Community Renewables 
Park, one of tfie first of its kind in the 
nation. 

“Residents were invited to purchase a 
(solar) panel, which ranged from $250 
and up," sad Beth Leader of Bla^sburg's 
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Energy Services group. “Then they 
receive a percentage of that generation in 
the form of a rebate on their utility bills.” 

With that kind of community investment, 
the city knew it needed to make very 
careful decisions. 

iesearcli and 
dewelopment 

The dty conducted a significant amount of 
research before selecting the technology 
for the project. Nine residential-class vwnd 
turbines were selected, ranging from 


1.0 to 10 kilowatts, with a total output 
of about 45 kilowatts. The tuifelnes were 
purchased from separate vendors to 
allow for a performance ccwnparison. A 
meteordogical tower was also installed 
to capture wind aid temperature data in 
real-time. In addition, the existing solar 
array was expaided with an additional 
40 kilowatts of thin-film panels. Finaily. 
the city’s fiber communications system 
was connected to tie ail of the resources 
together. 

The resulting array could have won awards 
for its artistic appeal. 





) 
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Smait wind a blow 

The different turbine designs, staggered 
at differing heights, were visually appealing. 
But their pertormance was problematic. 
The smaller turbines required frequent 
maintenance. 

The first tower that we installed was a 
great producer with no issues,” said 
Dunbar. “Then one of the turbines failed." 

That was just the beginning. 

Months after installation, several other 
turbines stopped producing energy, Of 
the nine turbines, only five produced data 
significant to the project. 

Then, a tower .stmcture failed under high 
winds. 

it turned out that four of the tallest tower 
structures, at neaily 80 feet, actu^ly posed 
a safety risk, due to sustained winds of 
30 to 40 mph. This is one of the windiest 
locations in the state - a good thing for 
wind generation, but not if your turbines 
aren’t designed for it, 

“That prompted a safety review of every 
turbine mounting,” said Shan Rowbotham, 
the city^ power and gas manager. 
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Ultimately, two blade casings came apart 
and fell to the ground. Windy conditions 
sent the blades airborne — threating 
public safety at the park, where a trail 
waiders through the base of each tiirbine. 
Although no one was hurt, ai! towers were 
quickly deconstructed and removed, 

"Having to take down the wind turbines 
was a very sensitive matter for us." said 
Dunbar, “We don't want to be portrayed 
as being anti-wind, but public safety is 
the most important thing." 

Although the wind element was a blow 
to the project, the utility still saw solar 
success and fiber-optic fame of sorts. 


Other lessons teamed from the project 
include: 

® A fleet of sm^ wind gen«-atiCMi is very 
costty to mantan 

Carefijlty vet small vendors before 
maWng payments 

^ Use extra due diligence with ever- 
evolving experiments softwa'e artd 
contrS systems 

Get expected costs right up-front 







Sslldsi 

The city’s fiber system has drawn the 
attention of much larger cities, like Seattle. 
In fact, the City of Blensburg fiber-optic 
network is well known throughout the state. 
Millions of points of data are delivered in 
real-time each secxxtd through five or six 
streams of infomtation, Tfie fiber network 
is connected to the utility’s centralized 
computer system to capture data from 
the turbines and the solar array. That data 
will be used to help Central Washington 
University develop a K-12 renewables 
curriculum, 

Learning from the project is important to 
the city, 

Lessons to share 

For the small utility, with less than 10.000 
meters, buying into the technology and 
Installing it was one thing. Keeping it 
operating and generating was another. 
Special products and special tools were 
required, 

'It's imperative to do that research,” said 
Dunbar. “Expect to take chances with 
new techncfogy, expect things areii't always 
going to work out as planned, There's 
going to be some trial and error. That’s the 
whole point of doing a project like this," 


After uneven results from 
the demonstration project, 
the utility plans to march 
forward with planning for 
the future. With energy 
costs rising, looking at 
alternative energy options 
is top-of-mind. And the 
solar array isn’t going anywhere. 

“We’re excited as we move forward to have the solar photo- 
voltaic array operating until the end of its life," said Dunbar. 

That’s in 1 1 years. 
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The Bonneville Power Administration is a federal 
nonprofit power mari<eting administration based in 
the Pacific Northwest. Although BPA is part of the 
U.S. Department of Energy, it is self-funding and 
covers its costs by selling its products and services. 
BPA markets wholesale electrical power from 
31 federal hydro projects in the Columbia River Basin, 
one nonfederal nuclear plant and several small nonfederal 
power plants. The dams are operated by the U.S. Army 
Corps of Engineers and the Bureau of Reclamation. 
About 30 percent of the electric power used in the 
Northwest comes from BPA. BPA’s resources — primarily 
hydroelectric — make its power nearly carbon free. 

BPA also operates and maintains about three-fourths of 
the high-voltage transmission in its service territory. BPA’s 
service territory includes Idaho, Oregon, Washington, 
western Montana and small parts of eastern Montana, 
California, Nevada, Utah and Wyoming. 

BPA promotes energy efficiency, renewable resources 
and new technologies that improve its ability to deliver 
on its mission. BPA also funds regional efforts to protect 
and enhance fish and wildlife populations affected by 
hydropower development in the Columbia River Basin. 

BPA is committed to public service and seeks to make 
its decisions in a manner that provides opportunities 
for input from stakeholders. In its vision statement, 

BPA dedicates itself to providing high system reliability, 
low rates consistent with sound business principles, 
environmental stewardship and accountability. 
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Stepping into smart grid 

Flanking the Columbia River in Washington are three 
sunny cities — Richland, Pasco and Kennewick — with 
roots in many things from vineyards to energy. Challenged 
by being one of the fastest growing areas in the state, 
utility providers here work together to make sure the 
lights stay on. They also team up to find new, innovative 
energy solutions to meet the area’s growing energy needs. 
That's why Benton PUD opted to take part in the Pacific 
Northwest Smart Grid Demonstration Project. The goal: 
investigate new technologies and prepare for a more 
efficient future. 


simu 
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The project — in its fifth and final year — 
is led by Battelie Northwest, about 
15 miles upriver from Benton PUD'S 
headquarters at the Pacific Northwest 
National Laboratory, 

The public-power utility district focused 
on two test cases; energy storage and a 
web platfoim to work with smart meter 
data, A smart meter uses two-way com- 
munications between a customer and the 
utility to improve services, This framework 
is called an advanced metering infrastaic- 
ture, or AM!, 


An AMI opens up a world of useful data 
to make the operation of the grid more 
efficient. 

For Benton PUD, knowing how to apply 
the data was the first step. 

A data training tool 

A web platform called DataCatcher™ 
used real-time communication to 
acquire alarm data frcm the wireless 
/Mvlt system. These aJarms notified 
the utility of potential problems on the 


^ Energy Storage 
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Blake Scherer (509)585-5361 
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system, such as high voltages, low 
voltages, hot sockets and outages. This 
off-the-shelf but customizable software 
enabled operations groups to know 
what’s going on with the system. Any 
potential problem could then be actively 
addressed. 

Learning the dos and don’ts of handling 
the alarm data demonstrated how to 
best maximize the AMI meters in two 
ways. Fimt, identify which department 
would best benefit from that information. 
Second, learn how to most effectively 
implement the information into a future 
data management system that wilt 
eventually replace the DataCatcher’'^ 
demonstration. 

"We now know the basics about collecting 
the AM! meter alarm data and tiow to 
present it. That will help us define our 
requirements for future integration with 
our other systems,” said Blake Scherer, 
project manager with Benton PUD. 

Ultimately, learning about those future 
requirements was the biggest benefit for 
Benton PUD from the demonstration. 

Energy storage 
partners 

Forging an energy storage partnership 
with Franklin PUD and the City of 
Richland was conceptually unique. Each 
utility installed an energy storage device 
that would be controlled by Benton PUD. 
The battery-based 10-kilowatt system 
would store electricity during off-peak 
periods when the price is cheap, and 
then distribute the energy later when the 
demand is high. 
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The project helped to raise awareness 
of things like cyber seciirity and 
interoperability, it also raised awareness on 
those kinds of topics lietween Intorniation 
Technology and Enginoering ■■■ about working 
together to make the project happen.” 


"One goal was to test software that uses 
a transactive incentive signal provided by 
Battelie,” said Sch«^r. "Then, wirelessly 
direct operations of stcM-age devices from 
neighboring utilities and dispatch them 
as load or generation, as circumstances 
dictated." 

Transactive control uses an interactive, 
martlet-based signed to increase or 
decrease the energy consumption of 
households and industries to achieve 
greater efficiency in grid operations. In the 
Pacific Northv>«st, the signal is sent over 
a multiple utility footprint. P^icipants in 
the project test the feasibility of increasing 
energy use when wind energy is 
abundant, typically at night, and reducing 
use during peak hours when energy is 
most expensive. Ttie integration of the 
technologies was a challenge for some 


participants in the project because of the 
complexity of the project and the cost. 

Unfortunately for Benton PUD, the 
energy storage vendor went out of 
business while a contractor was trying 
to implement the transactive control 
software. 

“We were unable to have it wort<ing before 
the vendor went out of business,” said 
Scherer. 

Lessons learned 

The biggest lesson learned: structure 
vendor contracts using milestones for 
certain accomplishments. 

“We initially needed flexibility in the 
scope of work," said Scherer. “But 
as the project became clearer, we 
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should have established new payment 
milestones for our vendor. As it was, our 
contractor struggled with the complexity 
of the project, which used up our 
project budget and resulted in several 
deliverables not being completed by the 
contractor," 

Other lessons included properly under- 
standing the level of effort required for 
a federal demonstration. The project re- 
porting and project management require- 
ments were more than expected. 

On the plus side, the project improved 
awareness of cyber security best practices. 


With an AMI foundation 
in place, Benton PUD 
wants to maximize the 
value of this investment 
by applying its lessons 
learned. It was also 
continue to organize 
and present AMI meter 
event data to utility personnel to improve system 
operations, reliability and power quality. With regards 
to energy storage, Benton PUD will continue to monitor 
developments in the industry, looking for the technology 
to mature and the costs to decrease. 
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AmmCEG I^ETEBSMS mfRASTRUCTURE 
(AiSf): an integrated system of smart 
meters, cammunicaticns networks, and data 
management systems that enables two-way 
communication between utilities and customers. 

AMERICAN RECOVERY AND HEJNVESTMEKT 
ACT OE 200S; an economic stimulus package 
signed into law on Feb. 17, 2009, in response 
to ttie Great Recession. The primary objective 
for ARRA was to save and create jobs almost 
immediatety- Secondary objectives were to 
provide temporary relief programs for those 
most impacted by the recession and invest in 
infrastructure, education, health, and renewable 
energy, 

AUTOMATED POWER FACTOR CONTROL; 

con^sts of a number of capacitors that are 
switched by means of contactors. These 
contactors are controlled by a regulator that 
measures power factor in an electrical netwcMit. 
□ending on the load and power factor of ttie 
network, the power fector controller will switch 
the necessary blocks of capacitors In steps 
to make sure the power factor stays above a 
selected value, 

CAPACITOR; a passive two-tenmlnaf electrical 
component used to store energy e!ectrostatica«y 
in an electric flc^. 

SEaUlAR-BASED TRANSFORMER MOKtTORS: 
a device that monitors the transformer activity 
tising cellular technology, 

eSNSERVATIQN VOLTAGE REDUCTION {C¥R): 
a technique for improving the effbiency of ttw 


^cfrfcal grid by c^i^lang voffage on 8ie feeder 
lines that rut from sutet^kxe to hcartes and 
txsinesses. Adaptive wRage ccKitn:^ dyromic 
\'oi!a 9 e control is cixitrofng votfage at ^Jedfic 
tfafeS. 

DEMAND RESPONSE: a r^<xrce Ufet alows end- 
use electrfe cusfexnws to reduce their electricity 
usage in a ^ven time preriod, or shift that usage 
to anott^r time period. 

DiSTRiBUTiON AUTOMATION (OR SELF- 
HEAIIKG TECHNOLOGY): when computer 
systOTS quickly react to etectricai issues in 
the system, like a fault fa a feeder, without 
intervention from an operator or line worker. 

DiSTRiBUTION VOLTAGE OPTIMIZATION (OVO): 

towers toe en^gy consumption on a wtoote 
feeder - the line that delivers electricity from a 
substation to a home. 

FIBER COMMUNICATIONS SYSTEM; a metood 
of trarrsmitting irrformafion from one place to 
ffiTother by serKfing pulses of light through an 
optics fiber, 

HIGH RELIABILITY ZONE (HRZ): what PGE caHs 
its rrHCfogrid. 

IN-HOME DISPLAY UNIT: provides consumers 
vwto re£d-time houriy, daSy, weekly aixl seasonal 
energy cOTrsumptkxr interrraUon. 

INTEGRATED VOLT-VAR {VOLT-AMPERE 
REACTIVE) CONTROL: a tod that csn irrctease or 
decrease conatfnpBtxr during a demarKl 
response event, w^hout toe vdtage getting too 
low for horrres farther down ttre fine. 


INVERTER: an electronic device or circuitry that 
changes direct current (DC) to aftemating current 
(AQ. 

MICROGSID: a small-scale version of an electrical 
grid. It can be “islanded,” or disconnected from 
external transmission services. Local distobution 
provides power for customers’ electrical needs 
with {xity local generators and battery storage. 

PEAK TIME OR PEAK DEMAND; vtoen energy 
consumption is highest. 

PREDICTIVE APPLICATIONS: software 
applications that learn by ddng and become 
better at solving problems as they collect more 
aid more data. 

PROGRAMMABLE THERMOSTAT: a thermostat 
designed to adjust the temperature according to 
a series of programmed settings that take effect 
at different, times of the day. 

RADIO ENERGY MANAGEMENT SYSTEM 
{REMS): A centralized computer system monitors 
the demand, sending out a radio signal to the 
REviS ijnit and cycling off connected loads In 
order to reduce energy when the peak demand 
set-s>oint is reached. 

REGULATOR: is designed to automatically 
maintain a constant voltage level. 

SMART EQUIPMENT; technology that can be 
controlled or managed regardless of location. 

SMART METER; an electronic device that records 
consumption of electric energy in intervals 
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of an hour or (ess ar^d communicates that 
information back to the utility for monitoring and 
billing purposes. Smart meters enable two-way 
communication between the meter and the 
central system. 

Slt^ART SWITCHt detects changes in theteeder, 
like a fault, and activates the switch automaticalty. 

$mmi THEeraOSTOT; a Wi-R enabled 
ttiermostat that can be controlled regardless of 
location. 

Sfi^AST TBANSFORMEBS: work independently 
to constantly regulate voltage and mantain 
contact with the smart grid in order to allow 
remote administration If needed and to provide 
information and feedback about the power 
supply and the transformers themselves. 

TRAHSAOTIVE GSHTBOl SiGHAi: incentive 
(Drice) and feedback (load) signals exchanged 
between active components in the electric 
power system. These signals forward forecasts 
and enable a process of negotiating future 
consumption against future price. 

TRA^SACTfVE NOQE: which PGE calls the Smart 
Power Platform, is the main comoi.itsr program 
which optimizes the economic decisions about 
the OTiart grid assets. 

TRANSFORMER; an electrical device that 
transfers energy between two or more circuits 
thiough electromagnetic induction. 

VOITAGE OPTiMIZATiON: uses a smart 
transformer to provide the exact amount of 
power that Is needed and responds instantly to 
fluctuations wiltiin the power grid, acting as a 
voltage regulator to ensure that the optimized 
voltage is undisturbed, 


WATER-REATOi DEMAND RESPONSE: cxxtrofs 
when Oie heats' cycles wi ^kI off so 
usage can be shifted to off-peak tBTies. 

WIREUSS MESH SYSTEM; a netwixk 
connection fftat is spread off anortg doz^ts 
or even tujxffeds of wir^^s mesh nodes ffiat 
comrrHjnicate with each offTa- to the 
netwcxk connection across a large area, sudi as 
entire city 
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Dr. Taft. But what has been demonstrated there is that you can 
coordinate very large numbers of consumers and their appliances 
and equipment in such a way that they reduce the peak demands 
on the utility significantly. They operate in a more efficient mode 
overall, and they do a better job of coordinating with variable en- 
ergy resources. 

So the impacts have been significant. The final details are com- 
ing out shortly, and we’d be happy to supply them for this hearing. 

Senator Cantwell. My understanding is that you were able to 
demonstrate you might be able to get as much as double digit sav- 
ings out of current supply. 

Dr. Taft. The indications from those experiments 

Senator Cantwell. I mean I’m not talking like 20 or 30, but, you 
know, 10, 11, 12? 

Dr. Taet. Yeah. The indications are, in fact, that such results are 
practically achievable. The results from that program showed that 
on scales that were larger than any that have been tried anywhere 
else. So that’s a solid justification for saying that some level of dou- 
ble digit improvements are, in fact, achievable using these meth- 
ods. 

Some of the methods involve new forms of control and new forms 
of coordination necessary in order to make all those pieces work to- 
gether, but when you can do that there’s an enormous synergy 
from all those pieces and that’s why you can get the double digit 
savings. 

Senator Cantwell. I know the people that will discuss what 
does that mean to the consumer and as you said in this case, they 
buy in. I’m waiting for the smart appliance that says turn my dish 
washer on at the lowest megawatt rate today. And obviously some 
intelligence for these, you know, big energy users in the household. 

Dr. Taet. Well and that’s a crucial issue is how in fact can you 
make that work and make it work in an unobtrusive manner? Peo- 
ple are not interested, probably, in spending a lot of time trying to 
micromanage the thing, so it needs to be automatic. And a lot of 
the work done on these programs is to show how to automate that. 

Senator Cantwell. Thank you. 

Senator King. 

Senator King. Thank you. Following up on that discussion. 

If you have ever toured a sawmill most modern sawmills now 
have a device called an optimizer which takes a computerized pic- 
ture of the log as it comes in, calculates the most effective way to 
cut it and checks with the market at that moment to see whether 
the market will value two by fours rather than two by sixes. It 
seems to me that is exactly what we are talking about here. We 
are talking about dishwashers and clothes dryers and heaters that 
will check the grid, understand what the needs are, what the price 
is and will automatically optimize, if you will, I mean, that’s sort 
of what we were talking about. 

That leads me into a, sort of, general observation here. We are 
talking about a disruptive technology. We are talking about a fun- 
damental change in an early 20th Century model for how elec- 
tricity is generated and delivered. If you look back, I can remember 
the phone company. I am old enough to remember the phone com- 
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pany saying it’s impossible. It will be disruptive. It will ruin the 
system if people can choose their own phones. 

Then, of course, it was cellular phones. You’ve got to have a 
phone in your home. That’s gone by. 

Cable TV, you know, you can only get your news through cable 
TV. All of a sudden people are getting — streaming. 

I believe that distributive generation a, is going to happen, b, it’s 
a disruptive technology. The only question is how do we manage it? 

I think the real question is who will supply the battery? Who will 
supply the battery for distributed generation on your roof? Will it 
be the grid as the backup or will it be batteries in your basement? 

The grid, speaking largely as a large institution, has a choice to 
make. They can price themselves out of that market and thereby 
make batteries more economic which is what people will then 
choose or they can choose to adapt to this disruptive technology 
and figure out ways to make it work. 

I think one of the great questions is how do we price store it? 
How do we price backup? How do we price the backup charge? 

I think it is reasonable that utilities should, if they have to be 
there and maintain the wires and backup capacity, how do we price 
that both in terms of benefits and costs? It seems to me that is the 
really fundamental question here, and the price should be reason- 
able and not so high as to be punitive in order to ward off this 
change which is going to come anyway. 

Mr. Taft, what are your thoughts about how you price? How do 
you price backup? 

Dr. Taft. So, pricing is not a specialty of mine, but I do have a 
couple of comments that are related. 

You’re probably familiar with the effort in the State of California 
where they determined that they’ll have 1.3 gigawatts of storage on 
their system. And the California ISO has produced a road map for 
achieving that. 

One of the things that’s going on though now is exactly that 
question of how to determine the pricing for the services that can 
be supplied by storage, in particular. There’s not a settled answer 
to that yet, so they’re working hard with vendors and others in the 
State of California to see if they can develop a model for that. 

Separately, but in a sense related, is the activities going on in 
the State of New York with the New York rev process where 
they’re looking at restructuring the rules and responsibilities of dis- 
tribution companies, and a lot of it has to do with the penetration 
of distributed energy resources and storage. And so they’re looking 
at changing the very structure of the industry in their state so that 
they can facilitate that but are faced with the same question ulti- 
mately, and they’re asking themselves how are these going to be 
valued? The answer is not known. 

Several states are working on trying to determine value propo- 
sitions for storage, in particular, that includes the State of Wash- 
ington, for example, Oregon, Hawaii and so on. So we don’t have 
a settled answer for that yet. 

And, you know, most people think that a way to get at that is 
to make it a market function and let a market determine those val- 


ues. 
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Senator King. Well, you are talking about a classic non-market 
situation. You are talking about monopolies who deliver the power 
whether they’re monopolies and generations. So saying to let the 
market do it and then allow the utility to impose a $100 a month 
backup charge — that’s not the market. I am all for markets, but 
only if they are real markets. 

Dr. Taft. Well and I think that’s what some of the states are try- 
ing to sort out now is how they can actually accomplish that. And 
I reference California ISO trying to understand how they can allow 
third parties to offer services based on storage and figure out what 
those values would be. So there is a complex question there. I don’t 
think it’s settled. 

Senator King. One market related point, and I will end with 
this. This is not a central part of the discussion, but it seems to 
me that time of day pricing is one thing that would make some 
sense in order for the market to drive more efficient utilization of 
the grid. There’s a lot of excess capacity both in terms of generation 
and transmission at night, and if you had time of day pricing and 
people just routinely saying oh. I’m not going to turn the dryer on 
until after nine. 

I can remember making those decisions about long distance 
phone calls, you know, looking at my watch and saying I am going 
to make my call at 9:05. If people started making those decisions 
about utilization of the grid that would be much more efficient, but 
it won’t happen unless people get the price signals. It seems to me 
time of day pricing is something that we ought to be thinking about 
because of the fact that there is so much excess capacity. 

Madam Chair, I am very pleased that you are having this hear- 
ing. I think this is a fascinating topic, but the bottom line for me 
is we are talking about a disruptive technology. We have got to fig- 
ure out how to adapt to it, not fight it and strangle it in its crib 
because that isn’t going to happen anyway. I think this is a very 
important subject. Thank you. 

The Chairman [presiding]. Well it is. Senator King. I certainly 
agree with you. 

When you mentioned the point about making telephone calls 
based on the time of day, I think we’re both dating ourselves there. 
But that was absolutely 

Senator King. I do that all the time, but I have given up on wor- 
rying about it. 

The Chairman. Yeah, yeah, I suppose. [Laughter]. 

Let’s go to Senator Heinrich. 

Senator Heinrich. Thank you. Madam Chair. 

I am not going to try and date myself that hard, but I will say 
my father was a utility linemen, and I appreciate some of the com- 
ments about the work that they do. One of the things that I had 
when I was a kid was a t-shirt that said, I turn on after seven, and 
I don’t think I got the joke. 

The underlying message from the utility he worked for was about 
peak load management and about trying to shift loads to later in 
the evening just in the way that the long distance pricing regime 
shifted people to using their long distance later in the day. 

I think that Senator King is right. Anything we can do to, sort 
of, actively make the market work in our favor in terms of both 
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loads and then hopefully storage and utilization of storage over 
time. 

So I want to start out with a quick question for Dr. Littlewood. 
I am a big fan of the work that is being done at DOE’s joint center 
for energy storage research. And while I think most of us here 
agree that the pricing regimes and the market to the extent that 
we can have an efficient and transparent market will settle out the 
winners and losers with regard to energy storage over time. 

I am wondering if you can talk a little bit about the state dif- 
ferent technologies for utility scale storage and the challenges in- 
herent in scaling that. What are you excited about? What do you 
see rising to the top of that very exciting, emerging technology sec- 
tor? 

Dr. Littlewood. Thank you very much, Senator. I’m glad you 
like the program because we do too. 

What else? I mean, I think our view of storage is that it is not 
going to be a single solution. 

There are solutions which may come through improved storage 
which is actually mobile. We were discussing earlier that if we 
could actually make electric vehicles more effective they are af- 
fected. You also have storage medium on the grid. That will be one 
class of storage. There will be classes of grid storage which will in- 
volve very different technologies that can be very large and cum- 
bersome, not mobile, but have to be made extremely cheap. 

One should also remember that there are storage on the grid 
which is distributed across the grid in a way that you can’t see it. 

To be a little bit philosophical and look very far ahead, I will say 
that our goal, actually, is to turn electrons into a medium of ex- 
change. 

The thing that will happen in the very long term, eventually, is 
that indeed this will be distributed where you do not know how. 
But that you will be able to go there in the same way that there’s 
a bank. That means that I would also expect that we would have 
a system which looks like the banking system. There will be big 
banks. There will be small banks. There will be local communities 
with local community banks. And all of those will be based around 
different technologies and different ways of doing it. 

I think that we are doing very well in developing new tech- 
nologies which push the price down in the area of large scale grid 
storage, and that’s partly because this is an area which has not 
been explored very much. 

I think that there are vast opportunities, more broadly, for mov- 
ing forward even with conventional technologies based around lith- 
ium ion, and the reason is that the community which has been 
pushing that technology forward, which was your cell phone, is now 
beginning to understand that there’s a business opportunity which 
involves something different. 

So it’s a very exciting time to be in there. I think it’s really im- 
portant to be engaging in all of this. You know, one shouldn’t make 
predictions about the future, but I’m very positive about it. 

But just a quick philosophical comment on phones. I used to 
work for Bell Labs, and I worked for Bell Labs at the time when 
I was part of the long distance network and we were inventing the 
cell phone. While my colleagues were doing that we were kind of 



329 


aware that we were putting our company out of business, but it 
turned out that we were all so confident that that was going to 
happen anyway we might as well be the ones that did that inven- 
tion. 

Senator Heinrich. It’s interesting that you bring that up because 
it’s always interesting to look back at what was said about the 
adoption of cell phones early on and the penetration and numbers 
of that adoption and how dramatically we all underestimated that 
technology early on. 

It’s not unlike when, you know, 20 years ago in terms of people 
looking at a technology that hasn’t changed much in terms of 
photovoltaics and what the eventual generation from that would 
be. Looking last year at the gigawatts that were installed in this 
country alone, I think, we are realizing now that we are on the 
edge of a very changed landscape. We have a lot of work to do to 
manage the grid and to manage the transition in all of this into 
some very new territory. 

Thank you. Madam Chair. 

The Chairman. Thank you. Senator Heinrich. 

You used the terminology, Ms. Barton, that the grid can be a 
natural enabler of new technology. I think that this is what we see 
play out all the time. 

Let me ask just one last question for you and then I’ll ask if oth- 
ers have a desire for more. I know that we have some panelists 
that need to leave at noon. 

How can we do a better job in so far as the utilities identifying 
or quantifying the costs of the ancillary services that are provided 
by the grid and ensuring then that these costs are perhaps born 
proportionately by all the customers that are utilizing the grid? 
How do we do a better job here? I’d ask Ms. Barton and then Ms. 
Edgar, if you’d like to comment as well. 

Ms. Barton. I think that’s an excellent question. We’ve talked a 
lot about distributed generation, and we’ve talked about it as being 
a disrupter. I really think it is more of a complementary technology 
to the grid. 

And if you really think about the origins of the grid where it 
started off as, quite frankly, a series of small microgrids, is what 
you really could have called them back in the day. They got strong- 
er by being networked together. 

There is an incredible value associated with having that grid as 
a backup, and I’ll just use the example of super storm Sandy. 
While there are a number of customers who were out of power for 
a few weeks, that’s nothing compared to if their only option was 
a roof top solar facility to provide them with generating capacity. 

So the grid has an incredibly inherent value, and a lot of it has 
to do with the line workers and the tree crews who, quite frankly, 
can travel across the country and get to any place where they need 
to be through our mutual aid agreements. There is value to that 
as well. 

I think that that becomes part of the philosophical debate as to 
what is the value of the grid, and I would say the value of the grid 
is not defined as backup power. The value of the grid is that it is 
an enabler and therefore you have to support the costs and the in- 
frastructure of that grid and so that those costs are not 
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disproportionally spread to other consumers. Unfortunately that’s 
some of the things that we’re seeing happening. If you advocate the 
view that I can just have my solar roof top, solar generating facility 
and unplug from the grid, you know, that’s different than wanting 
it there as a resource. And the vast majority of Americans have be- 
come very relying upon a very reliable grid and an affordable grid. 

It’s that balancing act that we need to pay attention to, but 
there’s a lot of fantastic technologies out there. Right now a lot of 
them come at a fairly significant cost and that affordability feature 
is key. 

The Chairman. Let me ask you for your comments, Ms. Edgar. 

Ms. Edgar. Thank you. Madam Chair. 

So many issues here and this kind of brings it all home, the 
value of the grid. 

Something that a number of states are looking at is trying to 
put, for example, a value on solar as different states work their 
way through their different processes, and the other states can 
learn as they’re moving through is part of what makes all of this 
so exciting. 

Many cost tools that are out there, capacity charge, service 
charge, fee based, cost causer, time of use, all of this, I think, needs 
to come into play as we recognize, again, yes, the value of the grid, 
but also the very essential nature for public health, for public safe- 
ty, for community interaction. 

We haven’t talked much today about economic development, but 
the key for the grid and new technologies for job creation, for work 
force. And then, I think, to bring it all back is, as we have these 
discussions, what our members would ask of Congress and gov- 
ernors and state legislators and other policy makers, is that we 
have transparency as we are talking about those cost allocation 
issues and cost burdens recognizing that how that falls, for in- 
stance, on a very large industrial customer is going to be different 
than how it falls on, for instance, a retiree on a fixed income and 
how we try to make sure that everybody is aware and is served 
well. 

The Chairman. Very important considerations. 

Senator King. 

Senator King. Ms. Barton, I wanted to follow up. You made one 
statement that I thought was very important. You said diversity 
and redundancy are at the heart of reliability, and it seems to me 
that that’s part of what we’re talking about here, the ultimate in 
diversity and redundancy is distributed generation. It’s people hav- 
ing their electricity on their roof as part of the system. 

So it just seems to me that we are really on the edge of a very 
important discussion to get back to what I mentioned before. How 
do you value the plusses of distributed generation in your own 
words, diversity and redundancy, versus the costs which is the 
maintenance of the grid and the backup generation in order to 
have customers ultimately make rational, economic decisions, 
based upon the true costs of whatever it is that they’re using? 

I just think that this is a development that’s going to happen 
anyway, and the real question is how is it adapted to and how does 
the grid facilitate rather than block what I think, in the long run, 
will be very salutary developments on behalf of all of our citizens? 
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Ms. Barton. I think the key is that there’s value on both sides 
of the transmission system is maybe one way of looking at it. 

Senator King. Absolutely. 

Ms. Barton. In terms of distributed generation can be certainly 
valuable in terms if you aggregate. The grid is really an 
aggregator. It’s an aggregator in days of old, of large generating 
plants and taking that power through substations to consumers, 
and today it’s basically an aggregator in both directions. So it’s ag- 
gregating those distribution resources and distributive technologies 
as well as the larger scale generating facilities. 

When you look at the utility infrastructure, the math is maybe 
a little bit easier in the sense that it’s a cost-based model. And for, 
you know, a reasonable level of return the investors in the utility 
industry that we go to to borrow the capital really require that 
level of transparency to say I know I’m going to give you this dollar 
and you are going to give me a return on this dollar, plus this dol- 
lar back in a reasonable period of time. And so, I think, making 
sure that that is in place helps to take care of the utility side of 
the equation. 

With respect to the distributed energy side of the equation, I 
think that there’s a lot of different ways of valuing that. Part of 
it can be from what does it do for the benefit of that consumer? For 
example, the pharmaceutical industry often needs to have a height- 
ened level of reliability that, quite frankly, they’re willing to pay 
for that heightened level of reliability. And so it’s very valuable to 
them. 

There’s also benefits with respect to the ancillary services market 
in various market driven ways of estimating the value of those re- 
sources. And, you know, that can be done through the RTOs and 
how they have established their energy markets and how they’re 
valuing those resources. So I think it’s really a balance of that. 

Ultimately the states play an incredibly important role in deter- 
mining what level of energy efficiency, what level of distributed 
generation that they want to advocate and how it’s paid for. 

Senator King. Of course, there are two pieces to this which is 
generation as backup and transmission and distribution to deliver 
the generation. So there are two pieces of analysis that have to be 
done. And part of the analysis of how much backup capacity, gener- 
ating capacity, do you need, is a question of a complicated analysis 
of what are the resources on the grid. 

Insurance companies don’t have all the money in the bank for 
people’s accidents or health insurance or particularly, life insur- 
ance. They invest it. They have actuarial studies, engineering stud- 
ies, if you will, as to when the draw will be. And so you don’t have 
to have every bit of capacity there to backup if every solar insula- 
tion goes out at the same moment. 

And of course, as you distribute these kinds of facilities, solar 
and wind, across the landscape you mitigate somewhat, it’s not 
going to be cloudy everywhere, for example. So I just hope that we 
can develop policies that will be fair to all rate payers, fair to in- 
vestors, but also not inadvertently obstruct what could be and can 
be and will be, I believe, very positive developments both for rate 
payers, for individuals and we haven’t mentioned the environment 
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much, for the environment in terms of moving away from fossil fuel 
generation. 

Thank you very much, Madam Chair. 

The Chairman. Thank you. Senator King. 

Senator Cantwell, any final questions, comments? 

Senator Cantwell. Well I would just, again, thank all the wit- 
nesses and Ms. Edgar said we really didn’t talk about the whole 
plethora of economic issues, but I do think it’s something we should 
work with our colleagues on. I went recently to the 110th anniver- 
sary of the IEEE in Seattle. And the fact that that organization 
has been around that long, of electrical engineers and all the things 
that they have done and then the next generation of things that 
they’re creating I think is important for us to remember that the 
workforce here within the United States on these issues is a great 
potential for us. 

So, thank you and thanks for holding this hearing. 

The Chairman. Well, thank you, and thank you to all of our pan- 
elists. This has been very helpful and informative as we are build- 
ing out some of the discussions that have gone on with some listen- 
ing sessions and figuring how we move forward with a broader en- 
ergy vision, an updated vision. Clearly in the electricity space what 
we have been talking about here this morning is so key. 

Again, a reminder that while there is so much happening out 
there in terms of the technologies and the advancements and the 
modernization, we can remain excited about it, but we also need 
to make sure that the boring work of turning on the lights around 
the country, every day, stays in place. So it’s pushing out on the 
technology side, but it’s performance as well and performance at a 
time that we are focusing on security, absolutely the cyber piece, 
on reliability, on customer affordability, on environmental sustain- 
ability and financial viability as we have been reminded by Ms. 
Edgar. 

It’s a big challenge, but thank you for what you do within your 
respective spheres to make it happen. We appreciate it, and we ap- 
preciate the time that you have given us. 

I know that members will likely have questions so we will submit 
them to you and we look forward to those replies as well. So thank 
you for being here before the Energy Committee. 

And with that, we stand adjourned. 

[Whereupon, at 12:01 p.m. the hearing was adjourned.] 
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Questions for the Record Submitted to Ms. Lisa Barton 
from Senator Lisa Murkowski 

Question 1 : Please describe what ancillary services are and why they are needed to maintain grid 
reliability. How can distributed energy sources contribute to these needed grid reliability 
services, and under what time frame? 

Ancillary services are necessary to support reliable transmission of electric power and help deal 
with unforeseen or unplanned yet credible events on the grid. Even the best planned electricity 
grid can experience short-term changes in capacity or demand. As an industry, we must be 
prepared for when a power plant or major transmission line goes out of service unexpectedly or 
for unanticipated changes in demand. Ancillary services help to mitigate short-term imbalances 
in electricity markets after an unacceptable disparity. There are many types of ancillary services, 
but the most notable are Reserves, Regulation and Black Start Capability. In an organized 
market, a Reserves Market ensures that ample resources are available to provide fast ramping in 
the event of a facility outage. Similarly, a Regulation Market helps keep generation and load in 
constant balance by relying on resources that can adjust very quickly in response to changing 
demand. Black Start Capability provides the energy and power needed to restart the grid after an 
extensive outage. 

Distributed generation generally does not contribute to ancillary services. In fact distributed 
generation relies on these resources being provided by the market to ensure acceptable levels of 
reliability. Although batteries installed in conjunction with distributed generation could provide 
certain ancillary services, a decision to install batteries in this situation would be made by the 
RTO and would depend on the quality and value of the resource. 

Question 2 : Politicians often talk about not picking winners and losers. This is particularly 
important with rapidly developing technology. If, for example, the government had mandated 
Napster and Myspace as the only options in their realms, the world would look very different 
today. What happens if the government picks the “wrong” technologies to pour money and time 
and regulations in to? In the same way that we like the App Store because it gives us lots of 
options, can you describe the importance of letting new technologies develop? 


The primary concern of a government selecting or picking a particular technology is that this 
inhibits the natural process of various technologies competing to find the best solution for a 
defined problem and substitutes a political decision for a scientific, engineering or customer 
decision. 

Legislators should also avoid picking winners and losers because giving subsidies to one 
business puts other businesses that do not receive subsidies at a disadvantage, distorting 
investment and other economic activity; and government subsidies increase the incentive to 
focus resources on government relations, instead of focusing resources on innovation. Lastly, it 
is important to recognize the long-lived nature of utility investments when setting policies. 
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Frequent changes in policy direction in this industry- can lead to significant cost increases for 
consumers. It is for this reason that I support allowing the market to truly identify the winners 
and losers of a particular technology rather than technologies being artificially advanced. 

Question 3 : Can you explain why renewables such as solar and wind need the grid to operate? 
What services specifically does the grid provide to consumers who are producing their own 
electricity? 


Utility scale wind and solar need to interconnect into a robust grid because 1) the most efficient 
and productive facilities arc typically located at a considerable distance from load and need a 
robust transmission system to get that power to market, and 2) because they are intermittent, 
consumers rely on the availability of other dispatchable resources on the grid in order to provide 
reliable service. 

The US economy and security is dependent on the availability of reliable and cost effective 
electric power. The grid is designed to meet demand during extreme conditions such as a hot 
humid summer day or a cold winter night. For this reason, to ensure continuity of service even 
small scale wind and solar facilities that arc connected to the distribution system must rely on the 
grid. In essence, the grid enables these technologies to be used together in a complimentary 
fashion with the rest of the system. Without the grid, the level of reliability that we have become 
accustomed to today would be significantly compromised, unless these variable resources are 
supported by a redundant supply of resources. Overall, since the grid serves as a natural enabler 
of these technologies, it is essential that there be adequate compensation for the value that the 
grid provides. 

Question 4 : What do you believe the biggest game changer will be for the future of the grid? 

Cost effective, efficient large capacity electric storage would be the biggest game changer. The 
second biggest game changer could be cost effective modular nuclear generation. 

Question 5 : What technologies are you most excited about and why? Also, what is the 
timeframe for development and at what cost? 

While “smart grid” technologies receive much of the attention, we believe there are significant 
efficiency gains that can be accomplished through engineering of next-generation transmission 
grid infrastructure. AEP’s BOLD transmission design is one such example, where three times 
the capability of an existing line could be constructed within the same right-of-way, with lower 
energy losses and more aesthetic appeal. As existing grid infrastructure ages, there is a 
tremendous opportunity to replace it with much improved designs. AEP has already developed 
the BOLD technology at 345 kV, with the first project under construction. We have plans to 
further refine the technology and develop designs for other voltages over the next 2-3 years, but 
this will be dependent upon the level of receptivity within the industry and available 
opportunities for its use. This technology would enable utilities to dramatically increase the 
capability of lines, increase efficiency of the system through significant reduction in line losses, 
all without the need to increase the size of an existing right of way, 
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Question 6 : Can you explain in layman’s terms the technical difficulties that utilities face in 
integrating renewables? Can you also explain some of the technical benefits of bulk baseload 
generation, both for the grid and for consumers? 

Often large scale renewable resources are abundant in areas where the transmission network is 
scant or weak. As a consequence, transmission needs to be planned and constructed to enable 
these resources to get to the market, FERC Order 1000 has changed the way RTO’s plan for the 
future needs of the system and now RTO’s need to consider state renewable portfolio standard 
(RPS) requirements in their planning methodology. This over time should enable the 
development of a more robust transmission grid. In the meantime, the challenge with these 
resources is their variable nature. In essence, we cannot control when the wind will blow and 
how much sun will shine. Therefore, renewables have to be linked via robust transmission to 
hedge the intermittency risk and ensure adequate supply to meet demand. 

Maintaining a balance between dispatchable resources (gas, coal and nuclear) and variable 
resources (wind/solar) is necessary for stable grid operations. In Texas where wind resources are 
abundant and to date over 14,000 MW have been successfully interconnected, it was 
transmission expansion that enabled the integration of these resources coupled with dispatchable 
generation to moderate the system. 

Question 7 : You spoke about the need to avoid picking "winners” and "losers" regarding 
technological innovation. What do you see as the appropriate role for the federal and state 
governments in this regard? 

Federal and state governments should develop and determine even-handed regulatory policies 
and the choice among competing technologies should be driven by performance and cost, with 
winners determined by the market itself rather than through long standing subsidies. As federal 
policy makers develop policies, the cost and benefit associated with various technological 
innovations should be considered. 

The Quadrennial Energy Review (QER) was created to provide a comprehensive look at the 
nations' energy industry, including transmission, with the expectation to create technology and 
policy recommendations to improve transmission across the country. This is the ideal platform to 
shape policy that facilitates and encourages technological innovations that support grid reliability 
and resiliency. 

Question 8 : You testified regarding the need to expand transmission investment. Please be more 
specific on the types of transmission investments that are needed. Could you elaborate on the 
role for state and federal governments respectively in this area? 

Investment in transmission, for the most part, is being driven by the age of existing transmission 
infrastructure, integration of renewables, and mitigation of generation retirements. As our nation 
shifts from reliance on basetoad generation to a diversified mix of resources, we will need a 
more robust transmission network to ensure continued delivery of reliable and cost effective 
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electricity. Also, we will need to address the existing infrastructure - a significant portion of 
which will surpass its life expectancy in the coming years. 

At the Federal level, strong direction and incentives are needed to plan, site, permit and construct 
the transmission infrastructure required due to generation retirements and renewable 
development. Transmission development is a capital intensive business and relies heavily on 
capital from the market to enable the construction of these resources. Participants in these 
markets like predictable and fair returns for their investments and stability in federal policies 
supporting the need and importance of transmission investments. The greater the level of 
stability in returns and recoverability of the investment, the lower the cost of debt, and the more 
security and predictability there is for the debt and equity participants will encourage 
investments in this type of infrastructure. 

Lastly, protecting investors from abandonment of projects for reasons outside the utility’s control 
is essential to enable the continued support of capital to these long lived assets. Because it takes 
up to five years to complete a project, if there is a cancellation of the project by an RTO during 
those years, it is essential that developers recover their full investment. Federal policies that 
protect these investments is essential for long-term support of these investments. 

At the state level, expeditious siting and permitting processes and the support for multi-state 
robust transmission solutions over localized Band-Aid projects is needed. State siting laws that 
enable expedited reviews of facilities needed to support the interconnection of large scale 
renewables, customer interconnections and projects needed to support generation retirements can 
be very helpful in enabling new transmission resources to be in place sooner and when needed. 
Adoption of trackers at the state level which ensure the recoverability of needed transmission 
investments can also be helpful. 

Of course, the RTOs play a big role in transmission expansion and with the help of the Federal 
Energy Regulatory Commission, we will need to craft regional planning processes and RTO 
tariffs that help shape our energy future by focusing on long-term solutions rather than simply a 
series of short-term stopgaps. 

Question 9 : In your testimony, you spoke of a number of new technological innovations for the 
grid. What will the magnitude of their impact be on grid? 

The magnitude will primarily be a function of scalability. At the distribution level, the impacts 
may be in smaller increments (measured in kilowatts) but the opportunity is quite large. For 
example storage such as batteries deployed individually at the distribution level will have limited 
impact on the overall grid. However, if deployed widely and/or with larger sizes, that 
technology could provide a significant tool for managing the grid and facilitating integration of 
more variable energy resources. Another example is the aforementioned BOLD technology. 

This technology will provide significant capacity throughput improvements over existing lines 
(measured in many megawatts), and could provide a real opportunity to more efficiently and 
effectively reach new resources in a significant way. 
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Question 10 : What is the biggest challenge facing utility companies today? What are the 
respective roles for utilities, the market, technology, and consumers in addressing this challenge? 

The biggest challenge facing utility companies today is the potential vulnerability of the 
transmission grid. This could be from extreme weather events, cyber-attacks or physical security 
threats. 

We all have a role in strengthening the nation's electric transmission and distribution grid. 
Utilities need to understand where the areas of vulnerability exist and enable the integration of 
new technologies; the market needs to be agile and capable of responding when necessary; the 
technology sector needs to continue to provide and improve upon innovative cost effective 
solutions that result in making the grid more resilient and reliable. 

Question 11 : Germany is often cited as an example of a country with high penetration by 
renewables. They may experience reliability issues in the face of a partial solar eclipse later this 
week, in your testimony, you noted that Germany still relies on conventional power sources for 
reliability. Can you elaborate on the risk of retirements and how that potentially impacts grid 
reliability? 

The intermittent nature of renewable wind and solar generation means that conventional fossil 
generation must be kept online to serve as backup and/or to balance the impacts of renewables 
entering and leaving the grid. Renewables have very low marginal costs because they have no 
fuel costs, thus they are bid into the market at low prices, earning them an early place in the 
dispatch priority, depressing wholesale market prices, and making it increasingly difficult for 
conventional fossil generating plants to economically operate. Germany has installed enough 
wind and solar capacity to fully meet the country’s peak electricity demand. However, to 
maintain reliability they must maintain an equivalent amount of conventional generating capacity 
on hand to serve as backup for the intermittent renewables. In recent history there have been 
days and even weeks in Germany where very little renewable energy was available and greater 
than 85% of the demand for electricity was served by conventional fossil and nuclear generation. 
The graph below represents one week in December of 20 1 3 where renewables provided less than 
1 2% of the electricity generated during the week. 
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Source: Fraunhofer ISE “Electricity Production from Solar and Wind in Germany in 
2013.” www.fraunhofer.de 


It is not uncommon for wind and solar to diminish in this manner for significant durations and 
Germany is effectively maintaining double the generation capacity to meet its demand and 
maintain reliability in these instances. This is proving to be unsustainable as electric rates have 
skyrocketed to roughly $0.40/kWh and generators are struggling to recover costs on 
conventional generation as it is displaced by highly subsidized renewables. Without the ability 
to economically operate conventional fossil fueled generation, German utilities are suffering 
substantial financial losses. The German utility RWE recently recorded a $3.8 Billion loss, its 
first full-year loss since 1949 due in large part to the impact of rapid subsidized renewable 
penetration. 


Question 12 : In your filed testimony you said that constructing the infrastructure necessary to 
integrate new technology “require[s] significant lead times to obtain approvals, pennits, and 
rights-of way.” Can you give me a concrete example? How long does this process take? Can you 
detail some of the specific steps required? 

One of the changes that has occurred in transmission development is that RTO’s are now 
responsible for determining the need for transmission upgrades and determining the best solution 
to address those needs. RTO’s make this determination by modeling the system. Through this 
process, they project future loads, consider available generation and evaluate the system and its 
ability to response to transmission and generation outages. All such studies are designed to 
ensure that the system is reliable at all times. These studies take up to a year to perform for an 
entire RTO and once completed, a list of transmission upgrades are assigned to transmission 
owners to construct. Once assigned, the projects need to be engineered, designed, planned and 
constructed. Typically it takes a minimum of 5 years to construct a project. 
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Significant drivers of a construction schedule include long lead times to order and secure on site 
equipment, which can take over 2 years, as well as the need to secure the necessary land rights 
and certificates of necessity from state or local siting authorities. These state and local 
authorities evaluate the need for the project, evaluate land owner rights, evaluate the 
environmental impact of the project, determine the best route for locating these facilities and 
enable, if necessary, the condemnation of land. This process can often take two years or longer 
to complete. Finally the project needs to be constructed which typically takes 18 months to 24 
months. 

In short, a series of question must be answered before construction may begin - 

• What are the future needs of the system? 

• What transmission is needed to support this system? 

• What is the route and design needed? 

• Where will the project be located? 

• What is necessary for siting approval and land acquisitions 


Question 13 : In your testimony you provided eight examples of new technologies that AEP is 
deploying. Can you further describe which one you think is most promising, and what is needed 
from the government to make it a reality? 

AEP is extremely proud of our work on BOLD™ technology. The development of BOLD'^“ 
technology was driven by a heightened public interest in more efficient transmission solutions. 
Our engineers recognized the numerous challenges associated with transmission construction to 
support increased renewables and the limited availability of right-of-way for new construction 
and went to work. BOLD'’'^' technology will, among other things, use less right-of-way than 
higher voltage facilities that would transport the same amount of power; and increase the 
capacity available when replacing existing older lines, while also using the same right-of-way. 
Of equal significance, while conventional transmission lines require complex and costly terminal 
equipment for long-distance bulk power delivery, the configuration of the BOLD™ technology 
also eliminates the need for this equipment by improving the intrinsic loading capacity of the 
line. Although still a relatively new technology, BOLDr” has already been awarded seven 
patents and seven patents are pending. As I noted in my testimony, debut of the technology is 
planned for 2016 in Indiana and this was all accomplished without Federal subsidies. 

Battery technology and its potential is also an exciting prospect. At present, however, the 
commercial viability of this technology appears to be limited. 

Question 14 : What can the government do to help educate the public and policymakers about 
essential but obscure issues like voltage support, frequency regulation, and ramping? 


All of the items listed above are complex topics and represent the physics behind the grid. 
Maintaining each element is essential to making our nations’ grid more secure, more reliable and 
more resilient. Some efforts are underway with the WIRES organization which holds an annual 
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WIRES university session to educate policy makers in transmission related issues. The next 
university session is scheduled for April 21, 2015 at location just east of the Capitol, 
https ://www.eventbrite.com/e/wires-universitv-electric-transmission-the-survev-course-tickets- 
15787458714 . 

Another opportunity is for utilities representatives to speak with their respective State 
commissions on these issues. Government agencies could also encourage town hall meetings or 
public service announcement to get the conversation started with the general public. 

Question 15 : In your opinion, how should infrastructure investment decisions be prioritized? 

The grid itself serves as an enabler of technologies and generation resources both for large scale 
renewables and distributed generation. As such the investment in the grid itself is essential and 
construction is prioritized by need. Specifically, changes in the generation resource mix with 
respect to the Mercury and Air Toxics Standards (MATS) plant retirements is changing flows on 
the grid significantly. As additional changes occur due to environmental rules or for other 
reasons having a robust grid is essential and will determine where infrastructure is needed. 

Question 16: Can you explain how and whether net metering accounts for the value of ancillary 
services? 

Net Metering tariffs generally ‘net’ the production from a customer’s distributed generation 
(DG) against their consumption of energy. During production the meter spins more slowly as the 
production offsets some of the usage, and in some cases the meter spins backward as the energy 
produced exceeds the local usage causing energy to flow back into the delivery infrastructure. 

The customer pays/receives payment for the balance. 

While specifics vary, a very significant amount of the costs to serve most residential and smaller 
business customers are fixed (i.e., don’t vary with the volume of consumption). These charges 
include the transmission and delivery infrastructure (substations, towers and poles, meters, etc.), 
as well as the generation ‘capacity’ (the fixed generating plant that needs to be available 
whenever the customers wants to use energy and his system is not producing). However, retail 
service tariffs recover most costs volumetrically (through per-KWH charges), rather than through 
fixed charges. Therefore, when a customer reduces their consumption significantly through the 
use of distributed generation, they avoid paying their fair-share for these fixed facility costs, even 
though they continue to utilize them. 

Ancillary .services (such as voltage support, frequency regulation, etc.) are services that are 
provided to the market, typically at the ISO level, to maintain proper conditions for the reliable 
and efficient delivery of energy to customers, and are part of the retail rate charges. Thus, to the 
degree that net metering customers avoid paying the all-in retail rate, they also avoid paying for 
ancillary services, the costs of which are included in that rate. 


In addition, as the amount of DG increases on the grid, it is likely that additional investments in 
the infrastructure (and a corresponding increase in fixed costs) will be required to monitor and 
control the operation of the electric system. The distribution system was designed to distribute 
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power from the substation to customers along a circuit with a one-way flow of power. Larger 
amounts of DG challenge that one-way power flow. The technical effort, time, and costs 
required in redesigning this system while simultaneously maintaining constant reliable service to 
customers should not be underestimated. One of the first impacts is voltage rise caused by the 
DG, particularly at times when the DG production is high and the load is low. Each circuit has 
limits as to the amount and location of DG that can be accommodated without impacting the 
reliability and power quality of the customers. 

Question 17 : How do you capture the appropriate range of values in regulatory treatments for 
energy storage projects? 

This is an important question that regulatory agencies are Just now beginning to examine. As 
described in the Brattle Group report The Value of Distributed Electricity Storage in Texas: 
Proposed Policy for Enabling Grid- Integrated Storage Investments 

http://www.brattle.com/svstem/news/pdfs/000/000/749/orieinal/The Value of Distributed 
Electricity Storaee in Texas.pdf electricity storage is driven by a range of potential 
applications that include avoiding power outages for customers, reinforcing the grid, reducing 
other transmission and distribution (T&D) costs, shifting power consumption away from costly 
peak-load periods, balancing intermittent renewable energy resources, and providing ancillary 
services and emergency response service in the wholesale power markets. A regulatory 
framework that enables investors in the storage devices that capture both the wholesale market 
and the T&D system values would make a significant step in providing the necessary 
transparency and ability to capture the benefits it provides. 


9 



343 


U.S. Senate Committee on Energy and Natural Resources 
March 17, 2015 Hearing: The Electric Grid 


Questions for the Record Submitted to Ms. Lisa Barton 
from Senator Ron Wyden 

Question 1: As many of you have testified, energy storage is the Swiss Army knife of the 
electric grid. Energy storage has the potential to solve many of the problems discussed in 
this hearing. Storage helps integrate renewables, it can help keep the lights on during 
extreme weather events, and it makes the whole grid operate more smoothly. It’s no 
secret that 1 think energy storage is a good deal for the American public; the tool just 
needs sharpening to live up to its potential to reshape the grid. In particular, the recent 
progress to bring down costs and increase efficiency must continue. The barriers to 
storage aren’t just cost, though, utilities also aren’t used to working with storage yet, and 
regulations for storage vary from state to state. 

I continue to favor providing tax incentives for energy storage to encourage its 
deployment, but what else should be done to give energy storage the boost it needs? 
Please don’t restrict your answer to the jurisdiction of the Senate Energy Committee, 
please also comment on useful policy solutions within the jurisdiction of the Senate 
Finance Committee. 


As indicated in my testimony, AEP has extensive experience with utility-scale energy 
storage using battery technology. 

In 2006, AEP’s Appalachian Power Company (APCo) subsidiary commissioned the first 
megawatt-class NaS battery to be used in North America at its Chemical Station in 
Charleston, W.Va. This advanced energy storage technology can supply 7.2 megawatt- 
hours of energy. This technology allowed APCo to defer building a new substation for 
several years. In 2013, this battery was no longer needed and was removed from service. 

In 2008, a 2-MW NaS battery was installed at a new station, called Balls Gap, in West 
Virginia, and is being used to supply energy on the distribution system to help relieve the 
load burden at another substation, in addition, this battery has the capability to provide 
service to up to 700 customers for up to 7 hours when power is interrupted due to an 
outage. AEP has also installed two other 2-MW NaS units with similar capabilities in 
Ohio and Indiana. 

In 2010, AEP’s Electric Transmission Texas installed a 4-MW NaS sodium-sulfur battery 
system in Presidio, Texas, to provide transmission backup in the event of a transmission 
line outage. It was designed to improve power quality and reduce voltage fluctuations in 
the Electric Reliability Council of Texas region. Presidio is a small, remote community 
bordering Mexico along the Rio Grande River - the only load at the end of a single radial 
transmission line. Previously, when Presidio’s line encountered an outage, the town had 
an immediate blackout and its only alternative electricity could come from Mexico. 
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As part of our gridSMART® initiative, AEP Ohio initiated a research project to test 
Community Energy Storage (CES), which are lithium-ion battery-based energy storage 
systems designed to provide 2-5 houses with 2-3 hours of backup power during an 
outage. A CES system has sensing technology to sense when utility power is lost, 
automatically provide battery-based power to the home, and then reconnect customers 
automatically to grid-supplied power when available. AEP tested the performance of 
CES for various other functions, such as islanding load, peak shaving, and VAR support. 
AEP continues its evaluation of this technology in our testing lab. 

As I indicated in my testimony, in most circumstances, the cost of energy storage 
currently exceeds what the market will support for most broad-based applications. 

Storage costs need to come down, and that can be aided through increased research and 
development. The Energy Storage Program, led by the Department of Energy, is 
studying a wide range of energy storage technologies and high voltage power electronics 
to demonstrate their benefits. Additional funding would help further that program’s 
research. 

Further, as you indicate, tax incentives could further support development and 
deployment. These tax incentives should be available to utilities to encourage further 
deployment of batteries on the grid. 

In addition, there are regulatory factors that currently present challenges to one entity 
aggregating the dispersed benefit streams from the variety of benefits that batteries can 
provide. For instance, as described above, there are benefits to utilities and their 
customers of utilizing storage technologies for ensuring reliability and avoided 
incremental costs on transmission and distribution circuits. Additionally, there are 
opportunities to use storage to arbitrage between peak and off-peak energy markets. 
Batteries also work well in providing certain ancillary services (e.g., frequency regulation 
and contingency reserves), with value that can be realized in some wholesale markets. 
Further, there are other applications that provide value, such as flrming-up variable 
output of renewable resources and providing back-up power during outages. Finally, 
end-use customers could utilize batteries to reduce their peak-demand, and participate in 
demand response programs. However, where a particular battery project provides 
transmission or distribution grid benefits in some circumstances that would support 
inclusion of the battery investment in cost-of-service utility rates, and is available to 
provide ancillary services or energy market arbitrage in other circumstances that could 
support market based rate sales, the owner may not be able to realize both types of 
revenue streams. 

Optimizing storage’s potential is a challenging situation which could require addressing 
significant market and regulatory rules. This will likely involve an incremental, 
evolutionary approach via multiple rulemakings and stakeholder discussions to address 
the numerous issues identified. Some market participants are initially advancing the 
potential of energy storage through providing frequency regulation services in PJM , as 
battery technology is particularly well-suited to provide this service, and the valuation of 
that service is relatively high. 


2 



345 


U.S. Senate Committee on Energy and Natural Resources 
March 17, 2015 Hearing: The Electric Grid 

Many have speculated that the enormity of the potential opportunity to electrify the 
transportation sector is the ‘holy-graif for batteries. As production volumes would drive 
efficiencies and cost-reductions, many other applications for battery technology would 
likely proliferate. Therefore, further support of electric vehicle technology would almost 
certainly further battery deployment in the broader energy sector. 


Question 2: What opportunities are there for the federal government to play a role in 
further unlocking the potential of demand response in America using the smart grid? Is it 
simply setting communications standards for appliances? Is it providing funding for pilot 
projects? Tm particularly interested to hear your thoughts on how to help grow demand 
response opportunities for homes and small businesses. 


Additional research and development efforts at the Federal level would provide 
opportunities for new and effective technologies, such as energy storage and other 
technologies that address deficiencies in reliability, improve system efficiencies and 
reduce consumer demand. Once a particular technology is demonstrated, the states are in 
a better position to determine when and where these technologies are best employed 
based on relative performance and cost. Similarly, additional Federal funding such as was 
provided by the American Reinvestment and Recovery Act of 2009 (ARRA) grant would 
allow the states to approve implementation pilot and other projects. 

One of AEP’s largest technology initiatives, called gridSMART®, integrates a host of 
advanced grid technologies into the existing electric network that can improve service 
quality and reliability, lower energy consumption, and provide additional customer 
benefits. The new technologies can help us improve our efficiency, identify and respond 
to outages more quickly, and better monitor and control operation of the distribution grid. 
As part of this initiative, AEP has deployed over 1 .2 million smart meters, and has 
proposals pending with state public service commissions to install over 1 .4 million more. 

gridSMART® also provides customers with new and innovative programs and pricing 
options that allow them to monitor and control their own energy use, saving resources 
and money. 

Through this initiative, AEP Operating Companies have initiated numerous creative 
customer programs to offer customers new pricing mechanisms in order to save energy 
and money. These pricing programs typically employ some form of time-of-use rates, 
and often couple that with enabling technologies (such as a communicating 
programmable thermostat) that allows them to respond to pricing signals provided either 
when the grid is physically stressed or wholesale prices are peaking. Enabling 
technologies which allow easy or automated participation and response are important for 
success. Nevertheless, even in areas where newer smart grid technologies are not 
deployed, AEP companies utilize other less-sophisticated methods of pursuing the same 
effect. These programs effectively allow residential and small businesses to participate in 
the demand response realm, structured in a manner that is accessible and simple for them 
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to use. It is our experience that these residential and small business customers are much 
more receptive to this approach rather than passing the real-time volatility of wholesale 
markets through to retail prices. It should be noted that in restructured states, the roles of 
market participants (utilities, retailers, etc.) can vary regarding responsibilities for 
providing pricing options and enabling technologies. 

In addition, AEP has maintained demand response programs for larger, more 
sophisticated industrial, commercial, and institutional customers linked more directly 
with wholesale markets. 

AEP Ohio was a recipient of an American Reinve.stment and Recovery Act of 2009 
(ARRA) grant that allowed testing of many iterations of such pricing programs and 
enabling technologies among residential and small business customers. AEP Ohio 
equipped residences with auxiliary devices (in-home display devices, communicating 
thermostats, smart appliances, direct load control devices, etc.) coupled with several 
time-of-use pricing tariffs, all designed to provide usage, pricing, and event information, 
as well as the technical capabilities to respond to that information. The initiative also 
included an innovative program where we worked with Battelle Memorial Institute and 
Pacific Northwest National Laboratory (PNNL) to test linking real-time wholesale energy 
costs with consumer preferences for comfort levels. A comprehensive report analyzing 
the findings from that initiative, including customer acceptance, capacity and energy 
impacts, and so forth is available: 

(https://www.smartgrid.gOv/sites/default/files/doc/files/AEP%200hio_DE-OE- 
0000 1 93_Final%20Technical%20Report_06-23-20 1 4.pdf). 

Continued support for such programs through grant funding and/or tax incentives would 
help further the objective of these initiatives. 

In addition, AEP continues to partner with NIST and DOE within the Smart Grid 
Interoperability Panel (SGIP), a public/private funded non-profit organization that 
supports the work behind power grid modernization through the harmonization of 
technical interoperability standards to advance grid modernization. Continued and 
increased support is needed for this effort, specifically in the form of funding, in order to 
accelerate interoperability benefits for grid modernization and, in the process, bring down 
costs through economies of scale. Federal assistance in the form of ARRA or tax 
incentives can be helpful in advancing the deployment. 
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Questions for the Record Submitted to Ms. Lisa Barton 
from Senator James Risch 

Question 1 : The nation has multiple agencies doing an excellent job monitoring and 
advising on cyber threat to the nation's power grid; the DHS ICS-Cyber Emergency 
Response Team at INL is one of them. How are you using this information to strengthen 
the grid? 


AEP entered into a CRADA (Cooperative Research and Development Agreement) with 
the Department of Homeland Security’s NCClC (National Cybersecurity and 
Communications Integration Center) in 2012 to enhance threat and information sharing 
with the DHS ICS-CERT (ICS-Cyber Emergency Response Team). This enables AEP’s 
Cyber 24x7 Operations Desk to monitor and respond to industry and governmental alerts 
for new cyber vulnerabilities and threat vectors and to actively interface with threat 
sharing organizations such as US-CERT (United States - Computer Emergency 
Readiness Team), and the ICS-CERT (Industrial Control Systems - Computer Emergency 
Readiness Team). 

In addition, AEP routinely sends their cybersecurity analysts to industrial control systems 
cybersecurity training and Red Team / Blue Team exercises conducted by the DHS ICS- 
Cyber Emergency Response Team at INL (Idaho National Laboratories). Lastly, as 
appropriate, AEP will call on the expertise of the DHS ICS-CERT to assist in any 
significant cyber event. 

As a nation, we are seeing an escalation in threats to our national security associated with 
cyberattacks. We ask ourselves -- What improvements can be made from the standpoint 
of enhanced coordination between the federal government, the private sector and the 
utility industry to ensure that as a nation, we are best positioned to guard against these 
attacks? Are there any shortcomings in the current process? 

As cyber and physical threats increase across the US, enhanced coordination between the 
federal government, the private sector and the utility industry is increasing to ensure the 
secure operation of the electrical grid. AEP works with a consortium of utilities across 
the country and the Electricity Sub-sector Coordinating Council (ESCC), a CEO-led 
industry group that meets three times a year with senior officials from the Department of 
Energy, Department of Homeland Security, Department of Defense, White House, 

FERC, NERC, and the Federal Bureau of Investigation. This collaboration has produced 
advanced tools and technologies to improve situational awareness, threat and information 
sharing, and development of coordinated plans to respond to an attack on the grid. As an 
industry, we also continue to improve threat sharing by interfacing and reporting new and 
emerging security threats to Electricity Sector Information Sharing and Analysis Center 
(ES-ISAC). 
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The ES-ISAC establishes situational awareness, incident management, and coordination 
and communication capabilities within the electricity sector through timely, reliable and 
secure information exchange. The ES-ISAC, in collaboration with the Department of 
Energy and ESCC, serves as the primary security communications channel for the 
electricity sector and enhances the ability of the sector to prepare for and respond to 
cyber and physical threats, vulnerabilities and incidents. As new industry processes or 
tools are identified to further enhance the security of the grid, those industry 
enhancements are addressed by the ESCC. 

Question 2: What resources could enable you to be more effective and timely in 
adapting your networks to evolving threats? 

At AEP, we protect our system in three key ways: 

• We partner with government agencies, utility industry and non-utility industry 
partners, 

• We share threat information and best practices, and 

• We stay current with emerging threats and risks identified by several threat- 
sharing collaborations and our own team of analysts. 

As events emerge, we continually assess our own cybersecurity tools, processes, and 
defenses to determine where we can improve our defenses, response readiness and 
recovery processes. 

Threat information sharing is inherently a continuous improvement process to ensure 
utilities receive timely and actionable threat intelligence data. Those sharing processes 
and mechanisms can be further enhanced by providing liability protections to utilities for 
sharing threat information. For example, utilities should not be liable for sharing 
information unless willful misconduct causes injury. 
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Question for the Record Submitted to Ms. Lisa Barton 
from Senator Al Fran ken 

Question 1 : Is there any effort underway in the utility sector to assess which regions in 
the country would benefit most from dynamic line ratings? 


AEP is not participating in any formal effort at this time. 

In general, dynamic line ratings are used to relieve constraints during real-time 
operations, thus alleviating the need to curtail generation in certain instances. In areas 
where curtailments occur with frequency, or where generation output is generally less 
predictable, dynamic line ratings may provide temporary relief of transmission 
constraints while permanent solutions are pursued. 

Let me note that line ratings are also typically adjusted in real-time by transmission 
operators based on ambient temperatures, providing additional capacity beyond static 
ratings. The difference is that dynamic line rating devices allow for adjustment based on 
additional variables (e.g., actual conductor temperature, wind speed, line sag) and can 
adjust more frequently and precisely than the calculated method. 

Note that forward-looking planning analyses must consider static ratings that are 
established based on North American Electric Reliability Corporation (NERC) standard 
practices. This is necessary to ensure that the transmission grid can operate reliably in a 
variety of conditions, including worst-case conditions. Thus dynamic line ratings cannot 
be considered as an alternative to physical infrastructure upgrades for the purposes of 
long-term planning. 
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Questions for the Record Submitted to Ms. Lisa Barton 
from Senator Joe Manchin III 

Question 1 : Ms. Barton, has AEP done any studies or other analysis to determine the 
effects of the EPA’s proposed Clean Power Plan on the reliability of the grid? If so, what 
did you find? 

AEP ran a load flow analysis of the PJM region using EPA’s modeled unit retirements. 
The retired generation was replaced with proposed new generation currently in the PJM 
generation interconnection queue. The results were sobering. Our analysis identified 
severe, widespread transmission reliability concerns consisting of thermal overloads, low 
voltages, and voltage collapse leading to cascading outages. Significant new transmission 
enhancements would be required to address these reliability concerns and allow the 
generation to be retired. Given the amount of construction required, I question the 
industry’s ability to meet the initial deadline of 2020. 

Question 2 : In your testimony, you discuss the need to maintain an “adequate level of 
generation resources.” Are you concerned about base load generation retirements that are 
not being replaced by new plants? 

1 am concerned about the retirement of base load generators even when those units are 
expected to be replaced with new plants of equal capacity. First, the location of new 
generation matters. A generator that is close to the load center and connected to multiple 
transmission facilities cannot be equated to a unit with the same capacity that is far from 
the load centers and connected to a weaker transmission network. Large base load 
generation is tightly connected to the grid. Changing the location, the size or the type of 
generation resource requires transmission upgrades to redirect the power on the grid. 
Second, energy supplied by base load generation is not the same as energy produced by 
an intermittent resource, such as wind or solar. Base load generators not only provide 
electricity, but also provide the reactive power and dynamic support required for the 
transmission of electricity to load centers. Similarly, base load generators provide the 
support needed to react quickly to emergency conditions such as an outage of a major 
plant or major transmission line. 


Question 3 : Technological innovation in the electric grid will be critical to ensure that 
electricity remains abundant and affordable. As this Committee considers new energy 
legislation, what statutory or agency rules or regulations that are currently in force now, if 
any, are stymieing innovation and infrastructure development for the electric grid? 

As described in the MIT Future of the Grid report that was published in 2011, 
http://mitei.mit.edu/publications/reports-studies/future-electric-grid . decision makers in 
government and industry took important actions in recent years to guide the evolution of 
the U.S. electric power system to address the challenges and opportunities the new 
technologies will provide. Yet, the diversity of ownership and regulatory structures 
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within the nation’s grid complicates policy-making, and a number of institutional, 
regulatory, and technical impediments remain that require action. 

AEP would like to make the following recommendations that would enable the 
investment in the right kinds of technology for use on our electric grid. 

• Ensure that the regional planning and interregional transmission planning policies 
contained in Federal Energy Regulatory Commission (FERC) Order No. 1000 are 
effectively implemented to ensure that wise transmission grid investment is made 
in a timely manner. 

• Encourage FERC to implement the direction of the Energy Policy Act of 2005 
with regard to incentive transmission rate treatments in a manner that effectively 
encourages needed transmission investment. 

• Encourage FERC to guard against regional and state policies that impede the use 
of competitive forces to pick the most advantageous regional transmission 
solutions. 

• Ensure that FERC and RTO policies and practices create a level playing field in 
which the incumbent transmission owner and new competitors can fairly compete 
on the merits to develop transmission infrastructure. 

• Encourage FERC to resolve uncertainty with respect to return on equity policy in 
a manner that supports and encourages new transmission infrastructure 
investment. 

• To facilitate integration of renewables, the FERC should be granted enhanced 
authority to site and grant certificates of public convenience and necessity for 
major transmission facilities that cross state lines. 

• To cope more effectively with cybersccurity threats, a single federal agency 
should be given responsibility for cybersecurity preparedness, response, and 
recovery across the entire electric power sector, including both bulk power and 
distribution systems. 

• To make effective use of new technologies the electric power industry should 
fund increased research and development in several key areas, including 
computational tools for bulk power system operation, methods for wide-area 
transmission planning, procedures for response to and recovery from 
cyberattacks, and models of consumer response to real-time pricing. 

• To improve decision making in an increasingly complex and dynamic 
environment, more detailed data should be compiled and shared, including 
information on the bulk power system, comprehensive results from “smart grid” 
demonstration projects, and standardized metrics of utility cost and performance. 
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Responses to Questions from Senators Murkowski, Risch, Flake, Wyden and 
Manchin for the Record by Commissioner Lisa Edgar 
President, National Association of Regulatory Utility Commissioners 
Commissioner, Florida Public Service Commission 

1. Questions for the Record Submitted to President Edgar from Senator 
Murkowski: 

Question 1 : Please describe what ancillary services are and why they are 
needed to maintain grid reliability. How can distributed energy sources contribute 
to these needed grid reliability services, and under what time frame? 

Commissioner Edgar response: NARUC as an organization has taken no 
position nor have we developed a strict definition on what ancillary services are 
and how they relate to grid reliability.' However, from a very general perspective, 
a number of components may be considered. In brief, ancillary services are needed 
to support the transmission of high-voltage electric power from the generating 
resource to the consuming load while maintaining reliable operation of an 
interconnected grid in accordance with prevalent engineering standards.^ FERC 
includes the following six services: 


' The association did pass a November 20, 2013 Resolution Encouraging State Commissions and Policy 
Makers to continue to Engage in Collaborative Dialogue Regarding Distributed Generation Polices dt Regulations, 
available online al; hitp;//H'Ww. naruc.org/Resolutions/Resolution-Encouraging-State-Commissions-Policymakers- 
to-Continue-to-Engage-in-Collaborative-Dialogue-Regarding-Distributed-Generation-Policies-Regulationsl.pdf, 
that encourages State commissions and policymakers to continue... collaborative discussions regarding DG so that 
State(s)... have the benefit of key stakeholder input and are better prepared to - Evaluate the system-wide benefits 
and costs of DG (including costs and benefits relating to the investment in and operation of generation and the 
transmission and distribution grid) so that those costs and benefits relating to DG can be appropriately allocated and 
made transparent to regulators and consumers; Ensure that all necessary consumer protections are maintained and 
assist consumers as they consider or invest in DG technologies and services; (and) Facilitate the continued provision 
of safe, reliable, resilient, secure, cost- effective, and environmentally sound energy services at fair and affordable 
electric rates as new and innovative technologies are added to the energy mix.'’ 

^ PJM Interconnection, LLC. 2014. PJM Manual 35: Definitions and Acronyms. Revision: 23; 

MacDonald, Jason, el al. 2012. Demand Response Providing Ancillary Services: A Comparison of Opportunities 
and Challenges in the US Wholesale Markets. Report No. LBNL-5958E. Lawrence Berkeley National Laboratory, 
Berkeley, CA.E. Hirst and B. Kirby. 1996. Electric Power Ancillary Services. Oak Ridge National Laboratory, 
Technical Report ORNL/CON 426; Federal Energy Regulatory Commission. 1995. Promoting Wholesale 
Competition Through Open Access N on-discriminatory Transmission Services by Public Utilities, Docket RM95-8- 
000, Washington, DC. 
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(1) Scheduling and dispatch - the “control room operation of all generation 
and transmission resources and transmission facilities on a real-time basis 
to meet load within the transmission provider’s designated service area;” 

(2) Load following — the “continuous balancing of resources with load ... to 
match moment-to-moment load changes;” 

(3) System protection - the “operating reserves . . . available in order to . . . 
maintain the integrity of its transmission facilities;” 

(4) Loss compensation - the “capacity and energy losses [that] occur when a 
transmission provider delivers electricity across its transmission facilities 
for a transmission customer.” 

(5) Energy imbalance - the “difference [that] occurs between the hourly 
scheduled amount and the hourly metered (actual delivered) amount 
associated with a transaction;” and, 

(6) Reactive power and voltage control — the “reactive power support 
necessary to maintain transmission voltages within limits that are generally 
accepted in the region and consistently adhered to by the transmission.” 

Distributed energy resources (DER) are flexible resources that can provide 
some of these services to enhance grid reliability; however, such support from 
DER depends on the technology available at specific locations. 

Question 2 : As new technologies are being incorporated, the grid is being 
used in ways for which it was not designed. How do pricing mechanisms need to 
be adjusted so that all the value generated from both the grid and distributed 
generation is capture by the market? How do we ensure regulations capture all of 
the different values provided by the grid? Can you explain how and whether net 
metering accounts for the value of these ancillary services? 

Commissioner Edgar Response: As with any industry when technology 
advances, business models in the electric utility industry need to adjust or adapt to 
the effects of the technology changes. Policy makers and regulators should be 
mindful of these advances in order to consider whether revisions to pricing 
mechanisms are warranted. Net metering policies, which can include consideration 
of the value of distributed generation and ancillary grid services, differ from State 
to State. In Florida, investor-owned utility customers participating in net metering 
receive the full retail value for excess energy. This policy does not explicitly 
address the value of any specific ancillary grid service beyond those necessary to 
complete project interconnections. 
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Question 3 : How might grid integration vary by State and by region? What 
are some of the advantages of different States having different policies? Can you 
give some specific examples of policies that work well in one region, but would be 
problematic in another? What do you see as the appropriate role for the federal 
government? 

Commissioner Edgar Response: In the U.S., “the grid” consists of 
vertically integrated States and restructured States. In the restructured category 
there are seven RTOs. This includes three single State RTOs — Texas, California 
and New York — along with regional markets in the Midwest, Mid-Atlantic, and 
New England, Florida and the rest of the Southeast are not participants in an RTO, 
and neither are utilities and States in the desert Southwest and Pacific Northwest. 

Each State and region is responsible for determining what kind of wholesale 
market works best for their consumers. For the Southeast, a traditional, vertically 
integrated market continues to serve the public interest. Adopting market 
mechanisms that are not suited to a traditional utility model is an example of 
policies that would not work well in similar regions. 

Defining grid integration within the confines of the distribution level, States 
and regions have different approaches. The advantage in the State level 
implementation is two-fold. First, each State has unique demographic, potential 
generation source, economic/financial and political constraints that should lead to 
different policies. Second, the varying approaches provide policy makers in other 
States useful information on the impacts of those approaches on prices, grid 
reliability and resiliency, different consumer classes, etc. 

Currently, States vary in their judgment of the relative benefits of some new 
technologies like DG and the smart grid. An aggressive DG policy, e.g.. New 
York, Hawaii and California approaches, may not be attractive, economically 
viable, or efficient in States facing different circumstances. Over the next few 
years a few electric utilities may undergo a significant change, while others will 
see only incremental change. 

Active integration can provide distribution voltage support, optimize 
distribution operations, improve power quality and reduce system losses, and 
improve grid resiliency. A policy question that will challenge many States in the 
years ahead is how to accommodate an increased number of network users while 
maximizing the network’s value to utility customers as a whole. The dynamics of 
coordinating new market players, technologies and business models makes this a 
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complex task. For example, the California Public Utilities Commission recently 
observed: 

California needs to consider a more advanced and highly integrated 
electric system than originally conceived in many smart grid plans. 

This integrated grid will evolve in complexity and scale over time as 
the richness of systems functionality will increase and the distributed 
reach will extend to millions of intelligent utility, customer and 
merchant devices.^ 

Physics requires that the distribution network keep the system in balance and 
confine factors such as voltage and frequency levels within tolerable ranges. 
Operators must also respect contingency limits, meaning no violation of a line’s 
physical limit if some other line or generator goes out of service unexpectedly. The 
operation of an interconnected electric network has to be monitored in real time to 
assure that: (1) production always matches consumption, and (2) power can flow 
across the network within established reliability and security constraints. Initially, 
integrating DG makes these tasks more complex. 

The federal government should continue its oversight of grid reliability in its 
current form, with States determining how best to serve and protect end-use 
customers. Essentially, local distribution is a State matter that conforms to legal 
precedent, decades of successful experience and good economics. The electric 
distribution system differs greatly in various ways from transmission systems. The 
latter appropriately falls under federal jurisdiction while distribution is 
appropriately a State matter. 

Question 4 : What kind of consumer protection issues have been 
encountered with distributed generation? 

NARUC is not aware of any studies explicitly analyzing consumer 
protection issues associated with distributed generation. However, NARUC has 
been a collaborative partner in the Critical Consumer Issues Forum. This forum 
issued a report, DG: A Balanced Path Forward, in July 2014 that addressed 
aspects of consumer protections and education. 


California Public Utilities Commission, “Order Instituting Rulemaking Regarding Policies, Procedures and 
Rules for Development of Distribution Resources Plans Pursuant to Public Utilities Code Section 769,” Order 
Instituting Rulemaking. August 14, 2014, at 24. 
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As with any other consumer purchase, there can be problems associated with 
vendors over-promising and under-delivering. Anecdotal reports of problems such 
as inflated promises, premature product failures, lengthy and costly delays in 
affecting repairs, and difficulties completing installations because of non-standard 
and frequently changing rules and regulations have been heard. Additionally, 
complications with residential sales can occur. 

Under the purview of State regulatory authorities, many State and utility 
funded energy efficiency programs are establishing quality control and quality 
assurance practices that screen competitive service providers, requiring pre- 
certified vendors to act in accordance with prescribed standards of practice. Best 
regulatory practices are still evolving. 

The Florida Public Service Commission’s (FPSC) net metering and standard 
interconnection rule for customer-owned renewable generation recognizes safety 
standards for the interconnection and equipment required to interconnect with the 
grid. The rule also addresses insurance requirements, limits fees and charges, and 
establishes an expedited Interconnection process. To date, the consumer complaint 
process has not resulted in any customer-owned renewable generation issues 
requiring resolution through formal FPSC action. 

Question 5 : What do you believe the biggest game changer will be for the 
future of the grid? 

Commissioner Edgar Response: Future pressures on the operators of the 
electric grid and distribution system may include substantial growth of distributed 
generation, the sale of electricity by third parties, and the effects of carbon 
regulation. Operators of Florida’s grid may be challenged by sudden changes that 
have not allowed for adequate study, planning, and development of mitigating 
reliability measures. Consequently, regulators may be faced with new and different 
solutions to maintain safe, reliable and affordable electric service. 

Question 6 : What technologies are you most excited about and why? Also, 
what is the timeframe for development and at what cost? 

Commissioner Edgar Response: Microgrids, small nuclear reactors, 
inverter technology, wave energy and battery storage, to name a few. Federal 
support of R&D is crucial. The FPSC expects utilities under our jurisdiction to 
explore opportunities and integrate developing technologies that are cost-effective 
in order to maintain safe, reliable, and affordable electric service. 
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Question 7 : Can you explain the most pressing specific challenges faced by 
State public utility commissioners? If you were speaking to the market and 
innovators, what is the most pressing problem you would ask for help solving? 

Commissioner Edgar Response: The most pressing challenge State public 
utility commissioners address is balancing the need to maintain affordability while 
encouraging utility management to pursue innovative approaches to the generation 
and provision of electricity. Long-term planning and cost-effective investment is 
essential, yet difficult during a time of uncertain federal and State policy directives. 

Question 8 : In your testimony, you noted that new transmission will be 
necessary to address retired generation. Can you explain why new transmission 
will be required to preserve grid stability? What role will transmission play in 
integrating distributed generation? 

Commissioner Edgar Response: Transmission is just one component of 
this puzzle. If the U.S. wishes to become more dependent on renewable energy, we 
will need more transmission to deliver power across States from these generation 
sources to the load. Utilities will need new transmission to get their product to the 
market. But building transmission comes with uncertainties; how is it priced? Will 
consumers in one State pay for electricity delivered in another? Will federal 
agencies be able to site power lines on federal lands timely enough so as not to 
cause market imbalances? 

Additional environmental requirements, in particular the Mercury & Air 
Toxics Standards (MATS) and the Clean Power Plan, along with low natural gas 
prices, will continue to place pressure on some coal-based and nuclear units to 
consider retirement. The existing transmission system was not built to 
accommodate a generation fleet shifting to natural gas combined cycle, wind and 
distributed solar generation. 

Transmission services such as regulation, frequency response and voltage 
control will be required to maintain grid balance and system reliability as the 
generation fleet shifts from fossil and nuclear-based base load plants to variable 
energy resources (VERs). FERC defines Variable Energy Resource as a device for 
the production of electricity that is characterized by energy source that: (1) is 
renewable; (2) cannot be stored by the facility owner or operator; and (3) has 
variability that is beyond the control of the facility owner or operator. This 
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includes, for example, wind, solar thermal and photovoltaic, and hydrokinetic 
generating facilities. 

With respect to the relationship between transmission and distributed 
generation, DG is a distribution-level resource that falls appropriately under the 
jurisdiction of the State public utility commissions. While it is true that 
constructing transmission tines may create additional opportunities for generation 
resources, including DG, to be delivered to loads that need them, decisions about 
transmission needs and DG resources are often made independent of each other. 
However, large, grid-scale distributed generation, such as large solar farms and 
micro-grids will benefit from Increased transmission infrastructure, because the 
best areas to place grid-scale distributed resources are often not currently served by 
the transmission infrastructure needed to deliver those resources to load. 

Having said this, many predict the grid to become more localized and less 
dependent on long-distant power lines. In this case, the focus will be on bolstering 
the distribution system and making sure it can handle a more reactive consumer 
base. 


Question 9 : Regarding the possible issues with regulatory federalism and 
the need to expand transmission, could you elaborate on the role for State and 
federal governments respectively in this area? 

Commissioner Edgar Response: State agencies should remain the first and 
primary decision-maker regarding expanding the transmission system. States site 
and FERC sets tariffs for wholesale transactions. The grid is regional, not national. 
State commissions have the resources and knowledge of local needs that the 
federal government does not. And unlike federal agencies, we are directly 
accountable to our citizens and our legislators. 

At the same time. State Commissions know the grid is regional and are able 
to site transmission, if deemed necessary, as quickly as due process allows. State 
decision-makers are participants in an interconnection-wide dialogue on 
transmission planning issues. Through the Eastern Interconnection States Planning 
Council — funded by the Department of Energy — States in the Eastern 
Interconnection are looking at planning with a holistic approach. These discussions 
are proving to be essential. This is a great example of federalism at work. 

Question 10 : In your opinion, how should infrastructure investment 
decisions be prioritized? 
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Commissioner Edgar Response: For any investments, the prime criterion 
is whether the benefits exceed the costs. Because of capital limitations, however, 
utilities as well as other private entities often must choose among investment 
opportunities that meet this criterion. Some investments may require more 
immediate attention because they address serious problems, such as inadequate 
generation or transmission capacity and prolonged outages from extreme weather. 
Regulators and consumers place a high priority on utility service reliability and 
safety. If the absence of investments jeopardizes these goals, regulators will press 
utilities to make those investments. In those cases, all other investments assume a 
lower priority even though they pass a cost-benefit test. 

The FPSC review of utility investment decisions includes factors such as 
impacts on system reliability and overall cost-effectiveness. Each utility faces 
different challenges and therefore prioritization of the needed infrastructure 
investment is not identical in all cases. 

Question 11 : How many States currently utilizing time-of-use pricing? 

Commissioner Edgar Response: NARUC was unable to locate an up-to- 
date listing of States using time-of-use (TOU) pricing. However, we know that 
many States do have such pricing, at least as an option available to larger 
commercial and industrial customers."* Additional States, partly because of the 
installation of smart meters, have initiated proceedings to consider the merits of 
TOU pricing. Almost all residential (as well as small commercial consumers) in 
the U.S. buy electricity on rate structures with “flat” prices that remain uniform 
across time periods irrespective of supply and demand conditions, marginal costs 
or wholesale market prices. Indeed, a survey conducted by FERC indicates that 
only about one percent of residential consumers pay TOU rates. ^ The percentage 
for large commercial and industrial customers is much larger. The lack of 
necessary technology has become less of a factor limiting the adoption of time-of- 
use rates. According to FERC, by the end of 2015, 50 percent of U.S. households 
are projected to have a smart meter. 


Analysts usually consider TOU pricing to include many variations, such as on-peak and off-peak pricing, 
varying seasonal rates, critical peak pricing, real-time pricing, and peak -time rebates. See also, the Massachusetts 
Department of Public Utilities’ recent endorsement lime-varying rates as a deiault option, which is uncommon. 
Massachusetts Department of Public Utilities, Investigation B}> the Department of Public Utilities on Its Own Motion 
into Time Tarynng Rates, D.P.U. J4-04-B, June 12,2014. 

^ Federal Energy Regulatory Commission, “2010 Assessment of Demand Response and Advanced 

Metering,” Staff Report, December 2014, at 31 . 
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Some regulators, consumer advocates and others still have concerns about 
the effects of TOU pricing on certain customers, especially those who, for a variety 
of reasons, do not change their usage behavior. While studies on real-time pricing 
generally show that the benefits outweigh the costs, most of the benefits go to a 
small number of consumers. Although some customers will likely benefit from 
such pricing, other customers will see higher bills. The prospect of a large number 
of losers is a political obstacle to widespread adoption. This posture prevails 
notwithstanding evidence that TOU pricing has potentially large benefits, but only 
if the majority of customers react to its incentives. These benefits include a more 
efficient allocation of electric power across time periods (lowering peak), and 
potentially lower utility energy and capacity costs. 

Question 12 : Can you explain how and whether net metering accounts for 
the value of ancillary services? 

Commissioner Edgar Response: NARUC does not have a position or 
consensus on this issue. However, generally speaking, net metering does not 
explicitly account for all of the value that utilities produce and provide to net 
metering customers, nor for all of the values that net metering customers produce 
and provide to utilities and non-net-metering customers. Although the net metering 
rules differ in some important ways in different States and in specific jurisdictions, 
as a general concept net metering policies seek to simplify the relationship between 
customers and utilities. Most often, net metering has used the retail price of 
electricity as a rough proxy exchange value, without trying to accurately quantify 
specific costs and benefits. Some recent analyses suggest that the retail price might 
overstate the value that net metering provides to the host utility and non-net- 
metering customers, but many other studies find the opposite, that net-metering 
under-compensates participating customers (see, for example, Hansen et al., 2013,* 
for a review and comparison of over a dozen studies). 

Smart-inverters and related communications and control technologies are 
enabling small, distributed generators to produce and deliver ancillary services, 
and new modeling capabilities are making it more practical to assess the costs and 
benefits associated with all kinds of distributed energy resources and ancillary 
services. Therefore, information will gradually become available to help with the 


*’ Hansen, Lena, Virginia Lacy, and Devi Click. (2013). A Review of Solar PV Benefit & Cost Studies, 2"‘‘ 
Edition. Rocky Mountain Institute, eLab. htta://www. rmi.org/eiab empower 
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design of net metering or possible replacement approaches, to more accurately 
reflect all costs and benefits. 

As I mentioned in my testimony 43 States use net metering and all their 
programs operate differently depending upon the specific local situation and need, 
so these questions are being actively investigated. 

Question 13 : How do you capture the appropriate range of values in 
regulatory treatments for energy storage projects? 

Commissioner Edgar Response: NARUC has no position or consensus 
perspective on this issue. 
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11. Questions for the Record Submitted to President Edgar from Senator 
Risch: 

Question 1 : The nation has multiple agencies doing an excellent job 
monitoring and advising on cyber threat to the nation's power grid; the DHS ICS- 
Cyber Emergency Response Team at INL is one of them. How are you using this 
information to strengthen the grid? 

Commissioner Edgar Response: NARUC has partnered with first DHS 
and then DOE to provide cybersecurity trainings to 41 States and DC. These 
trainings have resulted in orders and dockets in 19 States and DC, and ongoing 
information exchange between States and the private sector in 9 more States (likely 
more, since these interactions can be informal and undocketed.) Funding for these 
trainings from DHS ran out in 2014; DOE funding concludes this September. We 
also engage in unclassified information sharing through biweekly conference calls 
and a monthly unclassified threat briefing from Energy Sec / the National 
Electricity Sector Cybersecurity Organization. 

Question 2 : What resources could enable you to be more effective and 
timely in adapting your networks to evolving threats? 

Commissioner Edgar Response: Three areas would help. First, as 
standards for new Information Sharing and Analysis Sharing Organizations 
(ISAOs) develop, an interest by States in forming an ISAO should be incorporated 
to enable one to be formed among PUCs. Second, more funding to conduct 
clearance investigations for Commission staff. Currently only 6 Commissioners 
and as many staffers have clearances at SECRET or better. These clearances are 
essential to have context to effectively review and encourage utility cyber-security 
activity, cost-benefit analysis, and cost allocation. Finally, federal money through 
DHS and DOE to provide strategic technical assistance and training to State 
regulators on cyber-security through NARUC is important and should be renewed. 
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III. Questions for the Record Submitted to President Edgar From Senator 
Flake: 

Question 1 : In the recent report, The Integrated Grid: Realizing the Full 
Value of Central and Distributed Energy Resources, EPRI shows that the costs to 
maintain the transmission and distribution system represent roughly half of an 
average residential bill and change very little with actual energy consumption. 
Consumers with distributed generation (EKi) systems who consume no net energy 
still demand benefits of reliability, startup power, energy transaction, voltage 
quality, and efficiency from the grid. What challenges do utilities and regulators 
face in designing and approving rate structures that recognize these benefits? 

Commissioner Edgar Response: At NARUC’s February 2015 meetings, 
the association adopted a resolution that “recognizes the contributions of EPRl’s 
‘Integrated Grid’ for evaluating the value of energy resources and grid 
connectivity, and commends EPRI for its beneficial analytical framework and 
communications outreach to stakeholders.” 

This EPRI report is one reflection of rapid changes in electric utility markets. 
Driven in part by policy-makers’ interest in encouraging the use of distributed 
energy resources (DER), distributed solar photovoltaic electric generating systems 
are proliferating. This increased emphasis on DER presents rate design challenges 
for policy makers. There is no “right” answer. The challenge is to design rates that 
balance the costs of providing electricity to customers while sending price signals 
that should encourage customers to more efficiently manage their use of those 
services. Regulators must also ensure that all necessary consumer protections are 
maintained and assist consumers as they consider or invest in DG technologies and 
services. Moreover, we must facilitate the continued provision of safe, reliable, 
resilient, secure, cost-effective, and environmentally sound energy services at fair 
and affordable electric rates as new and innovative technologies are added to the 
energy mix. 

State utility commissions have decades of experience with rate design issues. 
Those decisions are necessarily limited by an evidentiary record created through a 
process that permits all interested parties to make proposals and challenge/rebut the 
arguments of others. In addition. State legislatures sometimes prescribe an 
approach limiting or restricting the State Commission’s consideration of certain 
rate design options. For example, in some States, the legislature has specified the 
applicable standards, which include both rates for net excess generation and 
charges, if any, that can be assigned for utility standby service. 
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These State experiences provide useful information on the value, utility and 
effectiveness of various approaches. This is because there is no purely objective 
means of establishing the ideal proportions of utility charges based on the three 
major components of: 

( 1 ) numbers of customers, 

(2) average and peak system infrastructure usage by each customer; and, 

(3) energy usage by each customer. 

As a matter of due process, and economic efficiency, utilities must be 
provided a reasonable opportunity to recover the fixed costs of service. However, 
if fixed charges for “back-up” service are too high, some argue it could reduce the 
incentive for customers to conserve energy and could depress growth of some 
distributed energy technologies. 

Understanding the precise nature of ongoing market changes and modeling 
the likely effects of rate design changes is no simple matter. Research is ongoing to 
more clearly describe and understand the nature of current concerns and potential 
problems and to explore various proposed rate design solutions. 

There have been many collaborative efforts involving regulators and various 
stakeholders addressing the multitude of regulatory and other issues relating to the 
potential and challenges of DG in providing safe, reliable, affordable, cost- 
effective, and environmentally sound energy supply. We encourage these kinds of 
discussions so all stakeholders can learn more about the costs and benefits of broad 
DG development. The result of these collaborations is that some States have 
already made rate design changes and many others have decisions pending. 
Certainly, in the near future, all policy makers will have more information from 
these early State experiences with different rate designs and market conditions. 
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IV. Questions for the Record Submitted to President Edgar from Senator 
Wyden: 

Question 1 ; As many of you have testified, energy storage is the Swiss 
Army knife of the electric grid. Energy storage has the potential to solve many of 
the problems discussed in this hearing. Storage helps integrate renewables, it can 
help keep the lights on during extreme weather events, and it makes the whole grid 
operate more smoothly. It’s no secret that I think energy storage is a good deal for 
the American public; the tool just needs sharpening to live up to its potential to 
reshape the grid. In particular, the recent progress to bring down costs and increase 
efficiency must continue. The barriers to storage aren’t just cost, though, utilities 
also aren’t used to working with storage yet, and regulations for storage vary from 
State to State. 

1 continue to favor providing tax incentives for energy storage to encourage 
its deployment, but what else should be done to give energy storage the boost it 
needs? Please don’t restrict your answer to the jurisdiction of the Senate Energy 
Committee, please also comment on useful policy solutions within the jurisdiction 
of the Senate Finance Committee. 

Commissioner Edgar Response: NARUC has not adopted a specific policy 
position on this topic. On behalf of NARUC, I believe letting States move forward 
with varying approaches is the most effective way to proceed. That approach gives 
policymakers the opportunity to learn from jurisdictions trying various strategies 
for incorporating different storage solutions into the grid. 

Moreover, the federal government plays a critically important role through 
research, development, and demonstrations. For example: 

• USDOE’s ARPA-E has engaged in research to support further development 
of cost-effective battery technologies 

• ARRA funding has been instrumental in supporting battery manufacturers 
who are actively engaged in research to lower costs and improve efficiency 
and long-term reliability 


• Many of the national energy laboratories are engaged in important RD&D 
activities for the support of public utilities and their regulators 
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It can be important and helpful to provide general incentives for all kinds of 
businesses to engage in research and development, and incentives for depreciation 
can similarly play an important role in encouraging investments. 

As efficient storage options emerge, utility rate designs are likely to be 
adjusted to allow storage to participate in markets where it is cost-effective. If that 
happens, then incentives may not be needed to initiate and sustain rapid growth. 

Question 2 : What opportunities are there for the federal government to play 
a role in further unlocking the potential of demand response in America using the 
smart grid? Is it simply setting communications standards for appliances? Is it 
providing funding for pilot projects? I’m particularly interested to hear your 
thoughts on how to help grow demand response opportunities for homes and small 
businesses. 

Commissioner Edgar Response: From the NARUC perspective, we 
believe the States are and should remain the main driver of demand response and 
proliferation of, at least, distribution level smart grid technologies. When lights go 
out or rates go up, consumers hold State regulators directly accountable. Although 
there are similarities, every State is different and has unique needs and customer 
demographics. 

Generally, the demand for distributed generation and demand-response 
technologies comes from the end-use consumers. Regulators are accountable for 
any complications or problems associated with new programs, particularly when it 
comes to technologies or policies that alter how consumers use and consume 
electricity. There is great promise in demand response and smart grid technologies, 
but it is up to State regulators to make sure the grid is reliable, rates are fair and 
reasonable, and cost allocation is equitable. 

NARUC has a long and successful history of collaboration with the 
Department of Energy and the Environmental Protection Agency. The Association 
has engaged in joint federal-State initiatives like the National Action Plan for 
Energy Efficiency, now the State and Local Energy Efficiency Action Network 
(SEE-Action). Our members have benefited from federal educational grants that 
allowed NARUC to hold educational workshops and publish reports on these and 
related issues. Moreover, the seed money provided by the American Recovery and 
Reinvestment Act is just now bearing fruit in the smart-meter space. The first wave 
of smart-meter deployments continues, and it’ll be a few years before we see the 
results. Again, letting the States proceed with staggered rollouts will let all policy- 
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makers learn from these experiences, limiting implementation problems and 
increasing cost-effectiveness. 

NARUC has no specific position endorsing the following suggestions for 
communications standards or pilot project funding. However, I offer them as a 
potential starting point for discussion. 

Setting communications standards for appliances and funding pilot projects 
may promote growth of DR. There are examples of both. A 2009 FERC Policy 
Statement on Smart Grid identifies DR as one of four key grid functionalities for 
which the National Institute of Standards and Technology (NIST) should develop 
and recommend interoperability standards. FERC determined that smart grid 
technologies have considerable potential to promote DR, which can reduce 
wholesale prices and wholesale price volatility and reduce potential generator 
market power, and enhance the application of demand response to accommodate 
the integration of variable generation.^ 

An advanced grid technology that may benefit from further pilot funding is 
grid integrated vehicle (GIV) technology — which allows electric vehicle charging 
stations to support grid reliability. Regulation, managed by the regional grid 
operator, is the method by which proper balance is maintained on the electric grid. 
This balancing service is typically delivered by natural gas generators ramping up 
or down in response to a regional grid operator dispatch signal based on 
fluctuations in demand, but emerging research on grid integrated vehicle (GIV) 
technology suggests that electric vehicles may also contribute to this function. 
Electric vehicle battery systems can provide near-instantaneous response to grid 
operator signals, while other generation technologies may require several minutes 
to hours to react to the dispatch signal. 

Another area that could benefit from pilot funding is dynamic pricing of 
retail electric rates. In 2009, the FERC released a National Assessment of Demand 
Response Potential. In this report, FERC found that under a “full participation” 
scenario, peak load could be cut by 20% or 1 88 GW from a no-DR baseline, by 
2019 (NADRP, p. x). The “full participation” scenario is an estimate of how much 
cost-effective DR would take place if advanced metering infrastructure were 


NARUC passed a resolution June 15, 214 encouraging NERC “to include with all releases of electric 
rdiabiliiy standards a statement about the extent to which costs were considered, and if costs were not considered, 
an explanation for why not.” (emphasis added) See, Resolution Requesting Ongoing Consideration of Costs and 
Benefits in the Standards Development Process for Electric Reliability Standards, online at: 
!ittp ;//www.naruc.or£/Re5olutions/Resolution%20Reauesting%200neoine%20ConsideratiQn%20ot%20Costs%2na 
nd%20Benefits.ndf 


Page 16 of 19 



368 


universally deployed and if dynamic pricing were made the default tariff and 
offered with proven enabling technologies. It assumes that all customers remain on 
the dynamic pricing tariff and use enabling technology where it is cost-effective 
(NADRP, p. xii). As periods of peak electric usage drive up energy costs and stress 
the grid, funding to determine the viability of dynamic pricing programs, and 
determine whether peak shaving is a potential outcome, could be important. 

Growth in DR by homes and business should be driven in large part by load 
serving entities that take demand response programs seriously and engage in the 
customer education necessary to deliver successful programs. Where load serving 
entities do not offer DR programs, aggregators of retail customers could drive the 
DR market and take up the role of customer education. 

Finally, it is important to note that the ability for the FERC to allow demand 
response to “bid-in” to restructured wholesale market will be determined by the 
Supreme Court’s decision on a petition seeking review of Electric Power Supply 
Association v. FERC . 753 F.3d 216 (May 23, 2014). For more than a decade, 
FERC has permitted demand-side resources to participate in organized wholesale 
markets, allowing Independent System Operators (ISOs) and Regional 
Transmission Organizations (RTOs) to use demand-side resources to meet their 
systems’ needs for wholesale energy, capacity, and ancillary service. NARUC has 
not taken a position on that Court decision. In that case, the D.C. Circuit vacated 
FERC Order 745, which set compensation for DR participating in organized 
wholesale markets. The D.C. Circuit held that DR is a retail product and the FERC 
lacks jurisdiction. In January 2015, FERC filed a petition for certiorari with the 
U.S. Supreme Court. We are all waiting to see what the Supreme Court decides to 
do. 
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V. Questions for the Record Submitted to President Edgar from Senator 
Manchin: 

Question 1 : Ms. Edgar, in your testimony, you point out the vital role of 
States in implementing new grid technologies, a position I share. In your opinion, 
what policies are required at a national level and how can Congress help States 
implement new technologies that ensure continued reliability and affordability? 

Commissioner Edgar Response: NARUC has no official position on this 
issue. However, many States would welcome additional funding and grants to help 
pay for expansion and integration of new technologies. The smart-grid grants 
provided under the American Recovery and Reinvestment Act helped States and 
utilities expedite the deployment of smart-meters throughout the country. Increased 
technical assistance from the DOE laboratories could prove useful. 

Question 2 : As a State regulator, do you have concerns about new EPA 
regulations threatening reliability? What role do new grid technologies play in 
reducing our carbon output while ensuring reliability? 

Commissioner Edgar Response: NARUC has passed three policy 
resolutions on the EPA Clean Air Act regulations. All were reflected in NARUC’s 
November 2014 comments to the EPA, available at: 
httD://www.naruc.org/TestimQnv/ 1 4%20 1 0 1 9%20%20NARUC%20Letter%20to% 
20McCarthv%20on%20 1 1 ld%20guidelinesl.Ddf . However, the association has 
not conducted any specific analysis of the reliability impacts of the Clean Power 
Plan and our members have divergent views. Some believe it can be implemented 
without impact on reliability and effectively endorse the proposal, while others 
believe it will have a negative impact locally in certain regions and have joined in 
lawsuits to block its Implementation. 

As you know, specifics vary State to State, and region to region. A number 
of our members in their comments to EPA raised reliability concerns, citing, inter 
alia, the NERC study on Potential Reliability Impacts, which details a number of 
concerns about the timing and feasibility of the proposal. Additionally, a number 
of State Commissioners recently testified at FERC hearings on this topic. 

Many States have questions about infrastructure and whether the U.S. has 
the pipeline capacity needed to accommodate an anticipated increase in natural gas 
use to comply with the proposal. These infrastructure concerns also extend to the 
electricity transmission system. In some cases, additional renewable energy will 
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require additional transmission lines. New linear infrastructure is expensive and 
often takes years to navigate the permitting requirements. These costs will likely 
land on ratepayers, many already overburdened. Utility rates and reliability are the 
responsibility of State commissions and FERC. 

Speaking specifically for Florida, the FPSC has exclusive jurisdiction over 
the planning, development, and maintenance of a coordinated electric power grid 
throughout Florida to assure an adequate and reliable source of energy. Intrusion 
by EPA into these matters could interfere with our jurisdiction over the generation 
and distribution of electricity, Florida’s electricity grid, and the economic 
regulation of electric retail service. In addition, the proposed rule compromises 
Florida’s ability to maintain a diversified generation fuel source mix and the rapid 
addition of large scale intermittent generating resources may compromise grid 
reliability. Finally, without knowing the final requirements of a State 
implementation plan, individual utilities will not be able to determine their most 
cost-effective compliance path nor be able to develop aggregate costs resulting 
from consolidation and coordination of each utility’s compliance plan across the 
State. 
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UNITED STATES SENATE 

COMMITTEE ON ENERGY AND NATURAL RESOURCES 

Hearing Questions for the Record 
The Honorable Ron Wyden 

Advancing an Integrated Electric Grid 
Tuesday, March 17, 2015 


Questions for Dr, Howard 

1. As many of you have testified, energy storage is the Swiss Army Knife of the electric grid. 

Energy storage has the potential to solve many of the problems discussed in this hearing. Storage 
helps integrate renewables, it can help keep the lights on during extreme weather events, and it 
makes the whole grid operate more smoothly. It 's no secret that I think energy storage is a good 
deal for the American public; the tool just needs sharpening to live up to its potential to reshape 
the grid. In particular, the recent progress to bring down costs and increase efficiency must 
continue. The harriers to storage aren V just cost, though, utilities also aren 't used to working 
with storage yet, and regulations for storage vary from state to state. 

I continue to favor providing tax incentives for energy storage to encourage its deployment, but 
what else should be done to give energy storage the boost it needs? Please don ’t restrict your 
answer to the jurisdiction of the Senate Energy Committee, please also comment on useful policy 
solutions within the jurisdiction of the Senate Finance Committee. 

As you illustrated through the apt analogy of the Swiss Army Knife, energy storage has 
significant potential to provide a variety of functions that can improve the flexibility, reliability 
and resiliency of the power delivery system. EPRI, along with DOE, ARPA-e and many other 
research organizations have been working on advancing the applications of energy storage for 
over 40 years. 

In 2013, EPRI studied the value of energy storage in a variety of different uses in the state of 
California, with inputs from the California Public Utility Commission, the three California 
investor-owned utilities, and other industry stakeholders. The study, documented in EPRI 
Report No. 300200 1 1 62 titled Cost-Effectiveness of Energy Storage in California, found that in 
all but 3 of the 3 1 cases studied, the multiple values and uses of energy storage outweighed the 
cost of the storage system. 

Despite the demonstrated value of energy storage, the technology still faces significant technical, 
economic, and market barriers which may slow its adoption. Several of these barriers are 
described below. 

Market barriers: 

Many of the identified benefits of storage described in the abovementioned EPRI report accrue to 
different stakeholders. To extend the analogy of the Swiss Army Knife, it is as though several 
people were sharing the same Swiss Army Knife but using it for different functions - one using 
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the blade, another the corkscrew, still another the screwdriver - each unable to justify personal 
ownership of the knife but eager to borrow it for their own purpose. Value in ownership can arise 
only when the owners of the asset are able to defray the expense of ownership with payments 
from others who benefit, through an efficient market with low transaction costs. 

Integration: 

With the variety of different value streams that can theoretically be achieved with energy 
storage, the question of how to actually achieve these benefits still requires substantial 
development and industry coordination. This involves standard control system functions that the 
industry will need to agree on and then methods for integrating these functions with the 
operation of the grid. As we support early deployments and demonstrations of next generation 
storage systems, significant focus needs to be placed on the standards and integration approaches 
to scale these applications for broader deployment. 

Safety and Reliability: 

The industry would benefit from greater clarity on safety and reliability requirements for energy 
storage systems. Some equipment providers of energy storage systems have struggled with the 
stringent safety and reliability requirements for modem grid-connected assets, and negative 
experiences have ted to hesitancy in more aggressive deployment. Many of these issues are 
delineated in EPRI Report No. 3002003675 titled Energy Storage Integration Council 2014 
Update. EPRI has attempted to address these issues by working with the U.S, Department of 
Energy’s Office of Electricity Delivery and Energy Reliability and with other research 
organizations to develop common approaches to safety, reliability and integration of energy 
storage. In response to utility industry requests, the Office recently formed the Energy Storage 
Safety Working Group. This working group, in which EPRI is participating, will bring together 
stakeholders in a common understanding of energy storage safety issues and produce guidelines 
to help the industry with safer energy storage deployment. 

Demonstration: 

Even with the development of common approaches and guidelines, the proof of safety, reliability 
and performance is possible only with practical experience in the field. Developers and users of 
energy storage will be reluctant to invest in this technology without field experience. 

Deployment programs, including those conducted by EPRI and EPRI members, as well as 
projects funded by the Department of Energy’s Office of Electricity Delivery and Energy 
Reliability, have been an important source of information for informed deployment decisions of 
energy storage technologies. Demonstrations will continue to be important, particularly related to 
understanding value propositions and dealing with integration issues. 

Basic Research: 

Continuous work is needed to develop storage technologies that are more efficient, more durable, 
and less expensive. This work is going on around the world due to the tremendous potential 
market for technologies that can make significant gains in these areas. 


2. What opportunities are there for the federal government to play a role in further unlocking the 
potential of demand response in America using the smart grid? Is it simply setting 
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communications standards for appliances? Is it providing funding for pilot projects? I’m 
particularly interested to hear your thoughts on how to help grow demand response 
opportunities for homes and small businesses. 

There is no doubt that one step in the process is setting the standards so that smart devices 
(appliances, thermostats, electric vehicle chargers, etc.) can communicate and be integrated with 
grid management systems. These standards can be implemented in home or building energy 
management systems (HEMS and BEMS), in devices themselves or both. 

However, the more important step is creating the market structures and the incentives for actual 
participation of end users, whether directly or through aggregators. This is one of the objectives 
of the Reforming the Energy Vision (REV) effort in New York, The New York effort recognizes 
that demand response benefits exist at both the overall grid level (associated with generation and 
transmission limitations) and at the distribution level (associated with specific distribution 
conditions and limitations). Market structures are needed that include the distribution system in 
the delivery of pricing signals and incentives to the customer. There is growing evidence that 
customers want choices in how they buy electric service that offer savings by taking more 
control of their energy usage. 

An example to review is Japan’s demand response following the shutdown of their nuclear fleet 
after the Fukushima accident. They initiated a rebate of $1 ,000 for customers to install a Home 
Energy Management system that can coordinate with the electric utility and control local PV, 
electric vehicle charging, energy storage and smart appliances. Japan started the establishment of 
an infrastructure they can build on for years as customers have equipment that can be plugged 
into these controls. The important part of this rebate approach is that it also established standards 
that had to be met for the controllers so they could be integrated with grid operations and 
management. Once enough controllers are deployed, market forces can take over and most, if not 
all, controllers will meet these standards. 
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UNITED STATES SENATE 

COMMITTEE ON ENERGY AND NATURAL RESOURCES 

Hearing Questions for the Record 
The Honorable A1 Franken 

Advancing an Integrated Electric Grid 
Tuesday, March 17, 2015 


Questions for Dr. Howard 


1. In the coming decades, we are going to need to deploy a lot more renewable energy. But 
transmission capacity is a big barrier to integrating more renewables into our grid. I 
understand that we currently have a lot of unused capacity in our transmission system 
because operators do not have access to real-time information for the temperature of their 
lines. Would dynamic line ratings help us take advantage of the full capacity of our 
transmission system? And what are some of the other advantages of this technology, in terms 
of reducing transmission congestion and keeping electricity costs low? 

1 A: Would dynamic line ratings help us take advantage of the full capacity of our transmission 
system? 

lA Answer: At present, while we can know the instantaneous overhead line rating, this can only 
support 1 to 2 hour ahead ratings. The state of Dynamic Rating Technology today enables the 
knowledge of the instantaneous overhead line rating which supports 1 to 2 hour ahead ratings. 
This information can provide transmission operators flexibility to ensure reliability when 
operating the grid when dealing with unforeseen situations. The real-time information on ratings 
does not, however, allow operators to schedule specific resources to deliver energy across 
congested flowgates as these decisions are made days to many hours ahead. As a result, present 
technology does not yield sufficient additional capacity from the existing system to enable 
reduced investment in installing new transmission assets or upgrading existing transmission 
assets. In order for the full capacity benefits of dynamic ratings on the order that could 
potentially defer some investment to be achieved, predictive ratings which are greater than a day 
ahead are needed. Research in this area is currently underway. 

IB: What are some of the other advantages of this technology, in terms of reducing transmission 
congestion and keeping electricity costs low? 

IB Answer: If predictive dynamic ratings are developed with more than a day ahead capability, 
the enabled additional capacity would result in less congestion; thereby resulting in potentially 
reducing electricity costs. 

2. A recent pilot study showed that dynamic line ratings could help us integrate more renewable 
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energy into our grid. Do you think this could be a useful tool for reducing carbon emissions 
in the electricity sector? 

In the U.S. Department of Energy-funded EPRI/NYPA study it was found that there was a 
correlation between the local wind farm’s generation capacity and the lines dynamic rating due 
to the increased local wind speed cooling the transmission line. It should be noted that the 
sections of line monitored were close to the wind farm and in open terrain, so that both the wind 
farm and monitored line sections experienced the same ambient (wind, temperature) 
environmental conditions. 

If the critical sections of the transmission line servicing the wind farm were not spatially close, 
or were in a different terrain (for example in a wooded valley), the local environmental 
conditions may be different and the correlation may not exist. Consequently, each transmission 
system design is different and needs to be analyzed on a case-by-case basis to determine if this 
correlation would theoretically exist and then followed by a measurement study to confirm this. 
An industry accepted practice to implement such a study to verify and confirm this correlation 
does not exist and would require research and verification. 
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UNITED STATES SENATE 

COMMITTEE ON ENERGY AND NATURAL RESOURCES 

Hearing Questions for the Record 
The Honorable Marie K. Hirono 

Advancing an Integrated Electric Grid 
Tuesday, March 17, 2015 


Question for Dr. Howard 

I. In Hawaii, more than 90 percent of our energy is produced from imported oil. We pay some 
of the highest prices for electricity in the country, about three times the national average. 

In Hawaii, we decided to set a goal of no longer being the most oil-dependent state and 
instead get 40 percent of our electricity to come from renewables by 2030. This is the most 
ambitious goal in the country. 

In the six years since we e.stablished the Hawaii Clean Energy Initiative, Hawaii now 
produces 18 percent of our energy from renewables. 

The report from EPR! you provided as part of your testimony notes that photovoltaic solar 
sources represent less than 2 percent of total U.S. generation capacity. In comparison, the 
report notes that solar made up over 20 percent of the electric generation in Germany in 
2012, coming from 1.3 million homes and businesses. 

What regulations and technologies have other countries developed that we could apply in 
Hawaii and in the rest of the United States as we seek to use more intermittent renewable 
energy sources? 

When discussing generation resources, especially the incorporation of variable renewables, it’s 
important to note the difference between generation capacity and generated energy. In Germany, 
solar installed capacity as of October 29, 2014, was 38.124 GW and total installed capacity in 
Germany was 177.14 GW, equaling 22 percent of installed capacity from solar^ Regardless, 
German grid operators rely substantially on resources from neighboring countries such as 
France, Switzerland, Poland, and the Czech Republic to help balance supply and demand (using 
electricity imports and exports). This has been effective for managing renewable variability and 
uncertainty of generation supply. In addition, Germany, and other situations like Ireland and 
Texas with very high penetration of renewables, maintain virtually 100% reserves of 
conventional generation when the renewable energy sources are not available. 


‘ Bruno Burger, “Electricity production from solar and wind in Germany in 2014.” (Presentation from Fraunhofer 
Institute for Solar Energy Systems ISE. Freiburg. Germany. December 29, 2014.) 
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The situation in Hawaii is more problematic because the islands lack interconnections with 
neighboring systems and have aggressive goals for renewable energy expansion. Success in 
achieving those goals will likely require significant advancements in grid infrastructure and 
control architectures that have yet to be demonstrated on a significant scale. Fortunately, there 
are technologies under development that will help Hawaii achieve its renewable energy targets. 
EPRI is currently doing research in these three areas (in close cooperation with Hawaiian 
utilities): 

• Smart Inverters - The interface between photovoltaics and the grid, advanced inverters 
are sensitive to the conditions around them, and can better control their output to reduce 
potential negative impacts, as well as aid system operators in the event of a grid 
disturbance. The transition to smart inverters in Hawaii has already begun with local 
efforts under the Reliability Standards Working Group (RSWG) including the local 
utility, equipment suppliers, solar developers, and other stakeholders. 

• Distributed Energy Resource Management System (DERMS) - Especially in Hawaii, 
where the overwhelming majority of solar development is at the residential-level, grid 
operators need a way to aggregate multiple resources so their output may be forecasted as 
well as quickly and effectively managed when necessary. DERMS is a tool that allows 
multiple local resources to be represented as a larger, virtual resource that is visible and 
controllable by grid operators, 

• Utility-Dispatched Energy Storage - Energy storage is often talked about when 
referring to renewables integration. However, it is important to note that the control of 
that storage is Just as necessary to consider as the storage itself. Especially when utilized 
as a supply/demand balancing resource, integration of storage with the entire resource 
portfolio available to the utility is critical to effective utilization. 

• Demand Response - Consumers can play a role in providing the flexibility that is 
required with high penetrations of renewables. In Ireland, there is substantial research on 
how thermal storage in customer heating systems can be used to balance variations in 
wind generation. Electric vehicle charging is another resource that has substantial 
potential and is the subject of important research efforts in Maui, Effective use of demand 
response resources for these purposes requires substantial efforts on standards, 
communications protocols, and integration of these resources into grid operations. 


Howard - QFR response for March 17, 2015 Committee on Energy and Natural Resources 


7 



378 


UNITED STATES SENATE 

COMMITTEE ON ENERGY AND NATURAL RESOURCES 

Hearing Questions for the Record 
The Honorable Joe Manchin III 

Advancing an Integrated Electric Grid 
Tuesday, March 17, 2015 


Questions for Dr. Howard 

1. Dr. Howard, we have heard a lot today about increases in customer-sited generation and 
other changes to the grid. You specifically advocate for an Integrated Grid that is more 
flexible than the current system. 

Can you walk me through how an Integrated Grid would contribute to overall reliability and 
how we can accommodate distributed energy resources while ensuring continued grid 
reliability? 

Maintaining the reliability of the electric service will continue to be the most important objective 
of the electric utilities. Distributed resources must be integrated based on their benefits to both 
consumers and the grid. They cannot have a negative impact on reliability. 

While much of the emphasis on distributed resources is reducing the environmental impacts of 
electricity generation by integrating more renewable generation, distributed resources can also 
have reliability benefits. This is one objective of the New York Reforming the Energy Vision 
(REV) effort - integrate distributed resources for economic and reliability benefit. Reliability 
benefits can be achieved when local resources help limit the impacts of limitations on the 
transmission and distribution system and when they can provide backup power following outages 
(microgrids). These are very important applications and an increased research focus at EPRI and 
elsewhere. The challenge to make this reliability improvement objective a reality is effective 
integration of the distributed resources with grid planning and operations. This is the focus of the 
integrated grid efforts - make the distributed resources actually operate as an integral part of grid 
planning, operations and management. 

2. In your testimony, you lay out four items for policymakers to enable an Integrated Grid, 
including "assessment and deployment of advanced distribution and reliability 
technologies. ” What do you believe would be effective policies for this Committee to consider 
related to these reliability technologies? 

The Electric Power Research Institute is an independent scientific research organization for the 
public benefit, and as such we seek to inform policymakers by only providing information on 
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scientific and technical topics resulting from our research. We do not provide an opinion on 
specific policy recommendations. 
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UNITED STATES SENATE 

COMMITTEE ON ENERGY AND NATURAL RESOURCES 

Hearing Questions for the Record 
The Honorable Lisa Murkowski 

Advancing an Integrated Electric Grid 
Tuesday, March 17, 2015 


Questions for Dr. Howard 

1. Please describe what ancillary services are and how they contribute to grid reliability. How 
can distributed energy sources contribute to these needed grid reliability services, and under 
what timeframe? 

The FERC definition of Ancillary Services includes Scheduling and Dispatch, Reactive Supply 
and Voltage Control, Frequency Regulation and Frequency Response Services, Energy 
Imbalance Services, Spinning Operating Reserves and Supplemental Operating Reserves. These 
are all services that are needed to support the transmission of energy from resources to loads 
while maintaining reliable operation of the transmission system. 

With the increasing application of renewable resources that have variable and intermittent 
characteristics, there is a growing trend to define additional ancillary services that are being 
lumped into a general category of flexibility services. This can include balancing services for 
renewable variations, ramping services to provide support when fast changes occur in generation 
and fast frequency regulation services that may be necessary based on these fast changes in 
generation. 

While many of these services are often associated with traditional “spinning” generation, 
Distributed Energy Resources (DER) can also contribute to many of these services. For certain 
services and certain DER types, the technical capability may already be present, and the system 
may already be able to leverage this capability; for example, distributed energy storage provides 
frequency regulation in PJM. If not already available, technical capabilities can be required 
through interconnection standard for some services. For example, the ability to provide voltage 
control from inverter-based distributed generation is well understood but not commonly utilized. 
Similarly, communication and control standards can allow the system to leverage DER to 
provide certain services. Finally, there may be some situations where some types of DER may 
not be able to provide certain services. For example, black-start capability is likely not possible 
from rooftop solar PV. 
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2. You recommend that “the existing and emerging technologies must adapt to a future state to 
make the most of current power system investments" which will include “enabling central 
generation to perform flexibly as well as variable generation to contribute toward system 
capacity and ancillary services. " What technologies have emerged that will make the 
adaptation you call for more likely? How widely are these technologies being deployed 
today? Are they being deployed at the necessary rate? If not, why not? 

The future state mentioned is a state where the power system is more flexible, connected and 
resilient. Emerging technologies include various forms of energy storage, more intelligent 
control of distributed generation (smart inverters), a variety of new and existing transmission and 
distribution technologies, such as High Voltage Direct Current (HVDC) or Flexible AC 
Transmission System devices (FACTs) and demand side technologies that enable customer side 
participation in the grid (such as smart electric vehicle chargers and grid interactive heat pumps). 
They also include grid operation tools that can interface with both existing and emerging 
resources. 

Existing resources will also adapt to the future state. This includes, as mentioned, increasing 
flexibility from central station generation. EPRl has a number of research initiatives identifying 
opportunities to obtain increased flexibility from central generation, including gas, coal and 
nuclear generation. Currently, many generation resources are being retrofitted to provide 
increased ramping ability and minimum generation levels, and new resources are being installed 
that offer significantly quicker start times, ramp rates and increased operating range. Wind and 
solar generation technologies may be able to contribute to certain Ancillary Services, through 
controlling power output when available. This technology, currently being used in a number of 
wind plants, is known as Active Power Control and allows for wind (and potentially solar in the 
future) to provide some of the required Ancillary Services that manage system frequency. Wind 
and solar can also provide reactive power control, and most transmission connected wind in the 
U.S. currently has this capability. 


3. What do you believe the biggest game changer will be for the future of the grid? 

The electric grid has operated very well for the last 120 years, largely in the same way since it was 
built in a hub and spoke approach. This design is turning out to be limiting with the more complex 
demand for power, growing penetration of renewable generation (especially at the distribution level), 
the increasing role of demand response as a resource, the potential for energy storage and new 
approaches to improve reliability including microgrids. With the growing importance of a wide 
variety of resources distributed at the edge of the grid, the need for new approaches for integration of 
these resources with the overall planning and operation of the grid is critical. Achieving these new 
grid planning and management approaches (including support of new market structures) will be a 
game changer. It will allow us to realize the full, dynamic capability of our system while making the 
best, most efficient use of the resources available to us today. In EPRI’s Integrated Grid discussion, 
the line is used: “making local energy optimization an integral part of global energy optimization.” 

4. What technologies are you most excited about and why? Also, what is the timeframe for 
development and at what cost? 


Howard - QFR response for March 17, 2015 Committee on Energy and Natural Resources 


It 



382 


While EPRl is agnostic to specific brands and models of technology, we are most excited about the 
suites of technologies that will enable inexpensive energy storage, extreme energy efficiency and 
consumer interaction and real-time control with the grid. Consumers and markets will largely 
determine timeframe for development and cost. 

5. You testified that, “tremendous advancements that are now occurring in how electricity is 
generated, delivered and now personally managed” will lead to "changes in regulations and 
[the] management of the power system. ” Please provide examples of three “tremendous 
advancements " and share, if there is one, EPRl’s projection of when each such advancement 
will be deployed on the grid at a scale that will materially affect grid operations. Also, with 
respect to each such advancement, please outline the benefits and, if any, burdens it presents 
for electric customers and for the grid collectively. 

Below are examples of important related advancements; 

1 . Continued advancements in wind generation technology - turbines that are now as large 
as 6 MW, advanced controls that can provide reactive power, voltage control and 
characteristics of inertia to support grid requirements. There are still issues that need to 
be solved - more accurate forecasting, variability that can require ramping resources 
(market mechanisms for getting this capability from other resources are now being 
evaluated in Ireland and California) and intermittency but we are learning how to 
integrate significant quantities of wind generation to the grid - Ireland, Hawaii, Texas 
and California are all examples of this. 

2. Solar PV Generation and Smart Inverters. Solar generation has also made major 
advancements, especially in the cost of this generation. Continued cost reductions will 
make this a very important part of our generation mix in the future. Besides the cost, 
smart inverters are improving our ability to integrate the PV generation with the power 
system. These inverters can be controlled to better match the needs of individual 
distribution systems for voltage control, reactive power and performance during 
disturbances. As with wind, there are still limits on how much can be effectively 
integrated due to variations and uncertainty (the recent solar eclipse in Europe is a good 
example where Germany had to incorporate more than 8 GW of additional reserve 
generation). Forecasting is even more complicated for solar due to local variations that 
are difficult to forecast. 

3. Energy storage advancements could be the answer for many issues still existing for both 
solar and wind. Costs are being driven down by consumer electronics applications and 
automotive. Utilities are exploring many different storage technologies for large 
applications. 

4. Perhaps most important, consumers are becoming part of the equation for meeting peak 
demand requirements and managing variability and intermittency of these renewable 
generation sources. Many loads in buildings and the home can be managed in a flexible 
way - water heating, air conditioning and heating, pool pumps, smart appliances. Japan’s 
promotion of Home Energy Management Systems (HEMS) and Building Energy 
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Management Systems (BEMS) after Fukushima resulted in shutting down all nuclear 
generation is an important example of customer resources. The New York plan for 
widespread integration of consumer resources with the grid is another example. New 
York correctly recognized that there are still tremendous challenges in both market 
structures and technologies in order to achieve this integration. 

There is still a lot of work to do in these areas but the combination of these ongoing 
developments will result in a more optimized power system when combined with clean 
traditional generation that runs in an optimum way and supports the reliability and resiliency that 
is required for today’s society. 

6. You testified that “the entire power system is changing at a fast pace, driven by technology 
and customer expectations. ” How prevalent are the changes you cite? How is technology 
driving the change? Is there good data on customer expectations? What role has tax policy 
played in the pace of change? 

Basic changes in power system technology are occurring throughout the system - more sensors, 
more communications, more automation, and better controls. These technologies are resulting in 
better visibility of issues, better management of the infrastructure and improved planning and 
operations. One example is the Electric Power Board (EPB) in Chattanooga. Partially through 
the ARRA grants, they implemented complete advanced metering for all customers, a fiber 
communication infrastructure that goes to every customer on the system and an entirely new 
automation infrastructure that restores the great majority of customers automatically whenever 
there is a fault on the system. This has improved reliability and has put the EPB in a position to 
take advantage of new technologies (customer resources, energy storage, and distributed 
generation) through their communications and control infrastructure. 

Technologies including advanced wind turbines, solar panels, smart inverters, energy storage, 
home energy management systems, smart thermostats, electric vehicle chargers, microgrids, 
advanced sensors and many others will continue to change the way we manage and operate the 
grid. Tax policies may accelerate certain technologies by making them more cost attractive; 
however, technologies that can improve performance and economics of planning, operating and 
managing the power system will continue to find applications based on their merits regardless of 
tax policies. 

7. You note that “Technologies like smart thermostats are resulting in unique ways customers 
can manage their energy. " What is the percentage of thermostats that are “smart"? How 
quickly are smart thermostats penetrating the market? What is the projected smart 
thermostat market .share by 2020, 2025 and 2030? 

Smart thermostats, defined as having two-way communications capability and graphical user 
interface, currently represent a small but rapidly growing segment of the thermostat 
market. Estimates vary, but the best available sources estimate a current installed base of 
approximately 2.5 million smart thermostats in the U.S., which represents approximately 2% of 
the residential market share. Through 2020, smart thermostats are projected to grow at an annual 


Howard - QFR response for March 17, 2015 Committee on Energy and Natural Resources 


13 



384 


rate of 40%, reaching about 1 1 % of U.S, residential market share by 2020, If growth were to 
continue at that pace, smart thermostats would reach 50% market share by 2025. 

Longer term projections beyond 10 years are subject to even greater uncertainty. It may be 
equally plausible for smart thermostats to become the de facto standard technology for 
households with broadband access (which would be nearly ubiquitous by 2030, since 85% of 
U.S, households currently have broadband access). 

8. With regard to Distributed Energy Resources (DER), you testified that: “Customers, energy 
suppliers, and developers are increasingly adopting these DER technologies with the aim to 
supplement or supplant grid-provided electricity. ” Please provide statistics showing the rate 
of market penetration for DER and EPRl projections, if these exist, for DER market share or 
penetration for each of the following years, 2020, 2025, and 2030. 

EPRJ uses statistics on deployment of DER technologies that are available from a range of 
industry associations and third-party consultancies (e.g., the Solar Energy Industries Association 
[SEIA], the American Wind Energy Association [AWEA], the Energy Storage Association 
[ESA], Bloomberg New Energy Finance, and GTM Research, among others). EPRI also 
leverages data from the Department of Energy’s Energy Information Administration (EIA) that 
portrays historical trends as well as annual energy outlooks for some DER technologies out to 25 
years. 

In general, DER encompasses a number of different technologies - including solar PV, wind, 
energy storage, demand response, fuel cells, and diesel/natural gas generators, among many 
others. While the outlook for these individual technologies varies (and are sometimes linked), 
forecasts indicate that nearly all will experience considerable growth over the next 1 5 years. One 
technology, solar photovoltaics, offers representative insight into the growth of “edge-of-grid” 
distributed energy resources. Per the graph below, sourced from SEIA, cumulative installed PV 
capacity has risen from roughly 2.5GW to nearly 20GW in the five years spanning 2010 and 
2014. Moreover, expectations are that cumulative PV installations will roughly double in the 
next two years. As a result, the percentage of total U.S, generation that comes from solar PV will 
have increased from 0. 1% to 1 .6%. The longer term outlook to 2020 and beyond is also a 
continued increase in PV installations given falling price points, emerging financing 
arrangements that are increasing access to a broader swath of the consumer population, technical 
advances, and the segment’s progressive commercial maturity. 

As a point of reference, local generation today amounts to roughly 10% of U.S, energy, 
according to EIA. 
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9. You stated that “EPRI views the following four items as important considerations for 
policymakers to enable an Integrated Grid: 

1. Interconnection rules and communication technologies and standards; 

2. Assessment and deployment of advanced distribution and reliability technologies; 

3. Strategies for integrating DER with grid planning and operation; and 

4. Enabling policy and regulation. " 

a. Do you believe that the FERC should establish interconnection rules? 

EPRI’s role is to research and advise on the technical value of interconnection standards. We 
do not offer opinions on the institutional source for such rules. 

b. What are examples of “communications technologies and standards ”? 

Communication systems involve many layers and many associated standards. In the area 
of an Integrated Grid, example standards include: 

• lEC 6 1 850-90-7 (standard function definitions and data models for distributed 
resources) 

• DNP3 AN2013-001 (application layer communication protocol for connectivity to 
distributed resources) 

• lEC CIM 61968-970 and MultiSpeak 5.0 (Enterprise integration standards for 
managing aggregations/groups of resources) 

• CEA 2045 and other standards to make it possible for equipment and appliance 
manufacturers to build standard products that will be compatible with a wide variety 
of options for communications and integration 

c. Who should set standards for communication technologies? What is NERC 's role? 

As interconnection rules progress to include requirements for smart functionality, this 
smart functionality will depend on communication interfaces and protocols that are 
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required to support these functions. NERC has an important role to play and EPRI 
collaborates closely with NERC. State and local level grid codes can also serve to 
effectively document functional and communication requirements. 

d. What are examples of “advanced distribution and reliability technologies ”? 

This can include a wide variety of technologies to help manage the system more 
efficiently and reliably. Most commonly, we refer to “Distribution Automation” 
technologies that allow reconfiguring the system automatically to improve reliability. 
This includes smart switchgear, communications and automation functions. Other 
technologies that can support advanced distribution management can include advanced 
metering (supports outage management and voltage control functions), advanced voltage 
control technologies that can help operate the system more efficiently, and new sensor 
technologies that help provide a better picture of current conditions and enable 
optimization functions. 

e. What is the role for the private sector with respect to “assessment and deployment of 
advanced distribution and reliability technologies "? 

The private sector continues to develop new switching devices, control solutions, sensing 
technologies and control strategies to support Distribution Automation and advanced 
distribution management. These innovations focus on overcoming the key challenges for 
deployment which include: 

• Minimizing the up-front investment 

• Minimizing the ongoing O&M costs 

• Maximizing the reliability improvement 

• Enabling reliable and cost effective communications to a wide geographic area 
What is the role of the federal government? 

One of the key challenges that the federal government can impact is the need for reliable, 
secure and cost effective communications solutions to support advanced distribution 
solutions. Presently, utilities are deploying a variety of public and private solutions using 
licensed and unlicensed frequencies in a variety of architectures. Deploying advanced 
distribution solutions is particularly difficult for utilities covering large rural territories, 
where communications solutions often become a barrier. 

f What are examples of “strategies for integrating DER with grid planning and 
operation”? 

Strategies to integrate DER with grid planning and operation can be implemented at both 
the bulk system level and at the local distribution level as well as at an industry-wide 
level. Developing an understanding of how Transmission System Operators (TSO’s) and 
Distribution System Operators (DSO’s) can develop strategies to coordinate with each 
other effectively is one key area in which EPRI is supporting the industry to enable DER 
contributions to system needs. 


An example of a strategy to include DER in planning at the distribution system level is 
the adaption of planning processes to include a determination of the capability of an 
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existing local network to integrate DER using the hosting capacity method, mindful of 
the interaction with the bulk system [Chapter 5, IG Benefit-Cost Assessment]. 

At the bulk system level, one example is to ensure that planning processes, such as 
generation and network reliability evaluation, are adapted to consider the capabilities that 
DER could provide to enhance reliability within the limits of local networks. EPRFs 
Integrated Grid Benefit-Cost Framework report highlights many of the strategies needed 
to realize an Integrated Grid [Chapter 7, IG Benefit-Cost Assessment]. 

Finally, new strategies are required to ensure transparency and effective communication 
regarding the approach taken to plan and operate the power system with DER for 
customers, regulators, utilities, reliability organizations and system operators. The 
implementation of the Integrated Grid framework itself is one strategy to support this 
goal. 

EPRI is currently conducting a range of projects to develop the tools needed to enable 
planners and operators to effectively transition to planning and operating practices that 
reflect an Integrated Grid. 

g. What is the role of the States with respect to such strategies? What is the federal role, if 
any? 

The Electric Power Research Institute is an independent research organization for the 
public benefit, and as such we seek to inform policymakers by only providing 
information on scientific and technical topics resulting from our research. We do not 
provide an opinion on specific policy recommendations. 

10. What is the effect of increased penetration of DER on consumers who do not install DER? 
From a technical standpoint, utilities utilize screening practices to identify how much DER 
can be accommodated without degrading grid performance. In cases where adverse issues are 
found to be caused by DER, grid upgrades are performed in order to maintain power quality 
and reliability for all customers. 
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UNITED STATES SENATE 

COMMITTEE ON ENERGY AND NATURAL RESOURCES 

Hearing Questions for the Record 
The Honorable James Risch 

Advancing an Integrated Electric Grid 
Tuesday, March 17, 2015 


Question for Dr. Howard 

I. We hear plenty about how modernization via new Smart Grid technologies increase the 
attack surface of the grid, making it easier for adversaries to find ways in to critical 
operational networks and systems. Yet modernization also includes the introduction of new 
sensors and greatly increased intelligence in the grid, presenting us with the opportunity to 
enhance security situational awareness. Do you see the nation taking advantage of this 
opportunity, and if not, what new courses of action would you recommend? 

Yes, the nation is taking advantage of this opportunity, but challenges still exist in addressing 
cyber security for the electric sector. Because of the constantly changing threat environment, 
utilities are implementing technologies to address new cyber security risks and vulnerabilities. 
Two examples are listed below. 

In the American Recovery and Reinvestment Act (ARRA) of 2009, cyber security was a critical 
component used to select the various grant winners. One of the technology areas was wide area 
monitoring, protection, and control (WAMPAC). WAMPAC systems constitute a suite of 
different system solutions aimed at meeting various wide-area application requirements. The 
objective is to analyze operations across the transmission system and communicate information 
about disruptions or changes in power flow. This enables a more expansive view of the bulk 
transmissions system while providing dynamic operation details. This information is used by 
operators to better assess and visualize system operation states and is important to the reliability 
and security of power systems. 

Another direction is the development of Integrated Threat Analysis Centers (ITACs). With 
ITACs, utilities are beginning to evaluate cyber security threats to their communication networks 
in a way that integrates this information with other traditional information about equipment 
health status and power system status. Utilities have begun to integrate this information into a 
more comprehensive and consistent picture, for use by power system operators and 
communication system operators, to provide a system- wide view and to improve coordination of 
responses by the operational and information technology staff 
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UNITED STATES SENATE 

COMMITTEE ON ENERGY AND NATURAL RESOURCES 

Hearing Questions for the Record 
The Honorable Jeff Flake 

Advancing an Integrated Electric Grid 
Tuesday, March 17, 2015 


Question for Dr. Howard 

!. In the recent EPRI report. The Integrated Grid: Realizing the Full Value of Central and 
Distributed Energy Resources, that you referenced, the German example of subsidizing 
distributed generation (DG) without considering DG’s effect on the integrated grid serves as 
a cautionary tale. As you are well aware, here in the U.S. there have been federal subsidies 
for several DG technologies for over 20 years, and I am concerned that like Germany the 
U.S. has not planned for the impacts of widespread DG on the integrated grid. What policy 
considerations are there, particularly at the Federal level, for ensuring that the U.S. grids 
can operate in a robust manner while integrating widespread DG? 

While we believe the Integrated Grid Benefit-Cost Framework can provide a guide to necessary 
considerations for structuring and approaching policy and policy decisions - and while we strive 
to inform policymakers - The Electric Power Research Institute does not provide an opinion on 
specific policy. 

EPRI is an independent research organization for the public benefit, and as such we seek to 
inform policymakers by providing information on scientific and technical topics resulting from 
our research. 
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Combined Questions from Senate Committee on Energy and 

Natural Resources 


Senator Lisa Murkowski 

Question 1 : Please describe what ancillary services are and why they are needed to 
maintain grid reliability. How can distributed energy sources contribute to these needed 
grid reliability services, and under what time frame? 

The U.S. Federal Energy Regulatory Commission (FERC) defines ancillary services as 
“those necessary to support the transmission of electric power (from seller to purchaser) 
to maintain reliable operations of the interconnected transmission system.” Ancillary 
services include a range of supporting activities, such as load following, reactive power- 
voltage regulation, system protective services, loss compensation service, system 
control, load dispatch services, and energy imbalance services. Ancillary services 
support the primary services of generation, transmission, and distribution of electricity 
and as such, contribute to overall reliability of the power system. 

Distributed energy sources present an opportunity to generate and store electricity 
through a more decentralized and diversified system that can enhance energy security 
and resilience. Distributed energy sources are options for individuals and communities 
to obtain clean, reliable energy. Distributed energy can include a greater mix of 
generation types that can potentially provide greater energy reliability. With distributed 
energy, load following can be done by a wider variety of storage types, especially in the 
case of highly intermittent generation sources. Distributed energy also includes demand 
response, which helps stabilize the grid on hot days and lower power costs. Advanced 
microgrids that are fully integrated within the distribution system may allow distributed 
resources to provide ancillary services at a more locally aggregated level. 

Providing an exact timeframe for the integration of distributed energy resources is 
challenging, as the concept encompasses many different activities, each progressing on 
its own timeline. In general, distributed energy has been a growing trend since the 
1970s when federal laws began to require utilities to purchase excess power from home 
generation. Adoption has accelerated recently as more homes and businesses have 
added solar generation capabilities. The trend is expected to continue as more 
consumers begin to transition to power generators through increased use of renewables 
and storage technologies, such as electric vehicles. 

Rural communities that are far from central power generation have much to benefit from 
these changes, and should also be supported as early adopters of new technologies. 
For example, Argonne scientists have visited researchers at the University of Alaska to 
discuss how storage can be a key enabler for isolated communities. 

Question 2 : In your written testimony, you highlight the three goals of the Grid 
Modernization Laboratory Consortium - 10 percent reduction in the societal costs of 
power outages: a 33 percent reduction in the cost of utilities’ reserve margins, while 
maintaining reliability: and a 50 percent reduction in the cost of integrating distributed 
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energy sources with the grid. What is the timeline to reach these goals and how much 
will it cost to get there? 

As will be described in the forthcoming Grid Modernization Multi-Year Program Plan, the 
GMLC intends for the three goals of the Grid Modernization program to be met by 2025. 
In the first five years, the national laboratories and their partners will develop and verify 
a suite of new grid capabilities and features that are foundational to a new grid 
infrastructure. As these capabilities and tools are developed in the lab-led R&D 
program, regional partnerships with private-sector stakeholders will be needed in 2020- 
2025 to translate research outcomes into practice and validate the expected value of 
new technologies and applications, resulting in a modernized grid. 

The President’s FY16 budget request for Grid Modernization is $356 million, which 
indicates the sustained level of investment in R&D needed over the next decade for 
success. While the up-front Investment in this grid modernization effort is substantial, 
the GMLC expects the investment to be repaid through savings from a modern, more 
reliable, and secure grid. Current estimates indicate a future grid could result in savings 
of up to $7 billion a year, in addition to providing the United States with a needed 
upgrade to this critical piece of our country’s infrastructure. 

Electric Power Research Institute (EPRI) estimates a figure of $3006 to $5006 as the 
needed investment in the grid over the next 20 years, consistent with the goals of 
supporting grid modernization while maintaining low energy prices to the consumer, The 
grid modernization investment through the President’s budget represents a modest cost 
within this envelope that will deliver through R&D the best possible outcomes. 

Question 3 : In your written testimony, you state, “an underlying challenge is the grid's 
increasing use of microprocessors. While they provide many benefits, microprocessors 
make a system more complex and can slow it down. ” Please describe the research that 
needs to be done to ensure that adding more microprocessors does not hurt the 
reliability of the grid. 

The electric grid is tremendously complicated. The National Academy of Engineering 
refers to the grid as the “supreme engineering achievement of the 20“’ century.” That 
said, it is a “just-in-time” system, with electricity being generated essentially as it is 
consumed. Electrical generation facilities and grid operators need to continuously match 
generation with demand. The more sensors and field controllers available, the greater 
level of control grid operators can exert over the distribution of electricity. 

The architecture of the power grid has changed with the integration of more 
microprocessors. Previously, microprocessors were limited primarily to supervisory 
control and data acquisition (SCADA) systems and the main operations control 
systems. Today, microprocessors are multiplying across the system - at substations, on 
poles, and as part of control devices, sensing systems, and communication systems. As 
a result, decision-making is becoming increasingly distributed and decentralized. For 
example, distributed automation devices push decision-making closer to where actions 
occur - without operations center involvement. Some utilities are developing completely 
new control systems to deal with this proliferation of microprocessors. The increased 
complexity needs to be balanced against the gains in system visibility, control, and 
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efficiency. Any proposed research must address the cost/benefit balance across these 
variables. 

The increase in microprocessors can also increase the complexity of protecting the grid 
from potential cybersecurity threats. Traditional methods of cyber protection, such as 
patching security vulnerabilities, are not as effective for industrial control systems due to 
their long life cycles and the relative difficulty of updating the systems. These systems 
require new research regarding proactive cybersecurity defenses that are implemented 
from the initial design phase and address the multi-year lifecycle of deployed systems. 

In addition, much of the software development and hardware equipment manufacturing 
is conducted outside the U.S., making it difficult to fully protect the supply chain for 
computer equipment and software. Proposed research in this area should analyze risks 
associated with supply chain issues. 

Analyzing this balance between complexity, speed, and risk is a central consideration of 
the grid resiliency research taking place at Argonne and other national labs. Analysis of 
the impact on performance and resiliency is a key consideration of any changes to the 
grid and is considered on both individual device and grid-wide levels. 


Question 4 : What do you believe the biggest game changer will be for the future of the grid? 

One of the most profound changes coming to the future grid is a concept we refer to as 
“Grid Democratization.” it is a true game-changer that has the potential to turn the 
traditional model of the grid on its head. 

The U.S, grid was designed for centralized generation and one-way distribution where 
large power companies and cooperatives made decisions that affected millions of 
electricity consumers. Under the new model, much of that power will begin shifting 
toward the regional, local and even individual level as small-scale renewables become 
more common, while microgrids and local generation spread across the country. Energy 
storage will allow small groups or Individuals to purchase or generate electricity at 
opportune times and store it for use or release back to the grid during peak need - and 
at peak price. New sensors and device controllers will empower consumers to make 
decisions on how and when they can most economically use electricity. When energy 
storage becomes efficient and reliable, energy becomes a currency; rather than energy 
being priced in dollars, dollars will be priced in energy. In short, a democratized grid 
gives individuals the tools and information to take control of their use of electricity. 

An analogous way to think of this concept is the radical change our computing 
infrastructure has undergone over the past several decades as we have moved to 
distributed computing resources. Gone are the days when most of the computing power 
resided on large mainframes and users were relatively passive recipients. Massive 
advancements in technology have distributed that computing power to the individual, 
giving them much more control. Centralized computing and large servers farms are still 
critical to the system - as will be the case with large-scale electrical generation on the 
future grid - but much of that power has been shifted to the individual. 
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This democratization will fundamentally shift the role of the consumer from passive to 
active generator, buyer, and seller, sometimes referred to as a “prosumer.” Some 
utilities already have hour-to-hour pricing and alternative power purchasing 
mechanisms, which allow homeowners to buy and store electricity when it is cheapest. 

This allows retail customers to change their behavior and alter their use and their cost of 
power, and it also enables demand response on the retail grid where the customer can 
further impact power use under utility control and signals. 

Key technological mileposts on the path to grid democratization include: 

• Distributed energy resources and renewables 

• Grid storage 

• Standardized two-way communication between plug-in vehicles, buildings, and 
distributed energy resources to enable local, community, and regional demand 
management. 

• Financial transaction platforms 

Question 5 : What technologies are you most excited about and why? Also, what is the 
timeframe for development and at what cost? 

The grid of the future will require development of hundreds of new devices and 
technologies, but there are a few that stand out as particularly exciting, and necessary, 
developments. 

The effort of Argonne and other national labs to create the National Power Grid 
Simulator (NPGS) will be a key breakthrough that is necessary to develop the future of 
the grid. NPGS is a foundational step to allow us to thoroughly understand the status of 
our current grid and help develop a road map to a truly reliable and resilient grid of the 
future. 

Once constructed, NPGS will allow us to see in real time how the grid functions, identify 
exposures and illuminate discussions on where additional resilience should be built into 
the system. NPGS will also allow us to create a national user facility where all types of 
grid stakeholders can assemble to conduct the research necessary to facilitate our drive 
for a new type of grid. 

While the idea of the NPGS dates back to the 1990s, recent years have seen an 
increasing pace of development that would aid in its establishment. NPGS will require 
creation of a computer model with extreme fidelity and massive data sets about existing 
infrastructure. The data sets are nearly complete, but the development of the modeling 
and simulation will require approximately five years and an appropriate level of funding. 

The required talent to build the NPGS exits across several national labs. A model 
owned and operated by the national labs in conjunction with academia and private 
industry could take us a long way toward understanding the grid and events that have 
the potential to impact its functioning. 

Determining the precise cost of NPGS is challenging, as the concept is still evolving. 
However, we would estimate the cost of development of the facility and required technology 
at approximately $20 million per year for five years. Once constructed, operation of NPGS 
would likely require an operating budget of around $20 million per year. 
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The other technology worth mentioning is energy storage. Radical advancements in 
energy storage have the potential to improve many key elements of our daily life, none 
more so than our electric grid. Great leaps forward in energy storage will enable 
increasing use of renewables and will help increase resiliency, so the grid is less 
vulnerable to major external events. 

On a small scale, energy storage advancements will enable our vision of a 
democratized grid where homeowners can take control of their own power needs, 
buying or generating electricity, then storing it for later use or for resale to the grid when 
demand peaks. Energy storage is also a game changer for transportation, which also 
has profound implications for the grid. The path forward for energy storage is discussed 
in other questions, but it is a priority that occupies large portions of Argonne and our 
sister labs, as well as academic institutions and private industry. 

Energy storage encompasses a broad swath of technologies, both developed and 
developing, with different cost and adoption rates. Some grid energy storage 
applications are already installed in California, New York, Alaska, Illinois, Washington, 
and Hawaii, with more adoption planned across the country. This storage uses existing 
technology, but research still needs to be done to refine these batteries and reduce 
costs to facilitate wider use. Batteries for the grid have a current cost of between $600 
and $1 ,000 per kW-hour; we need to trim that to $100-125 per kW-hour to make storage 
competitive with peaker plants. 

Over the long term, we need investment in breakthrough technologies to allow industry 
to progress to advanced Li-ion and beyond. Development time is three to seven years 
for advanced Li-ion and 10-20 years for beyond Li-ion. Success will require investment 
from government research and private industry for scale-up and production. 

This multifaceted research effort balances the short-term needs to advance current 
technology and reduce costs with the long-term requirement to invest in breakthrough 
technologies that will lead the U.S. to the next generation of storage technology. Our 
goal, is that storing electrons in a battery - and retrieving them - will be as simple and 
as low cost as depositing and withdrawing money from a bank. This is not a short term 
goal, of course, but it will be one of the transformational achievements of this century. 

Question 6 : Lithium ion batteries are the industry standard in energy storage - from 
celi phones to some grid scaie storage. The Joint Center for Energy Storage Research, 
(JCESR) iocated at Argonne Nationai Lab, is focused on transformative battery 
research. Can you describe more fuily the goals of this research? What do you think 
the batteries of the future will look like? What part of your research is focused on 
keeping costs of energy storage systems low? 

The overarching goal of JCESR is to perform the basic research required to discover 
breakthrough materials and electrochemical systems to enable the commercial 
development of energy storage systems that will perform beyond the physical limitations 
of Li-ion batteries. Li-ion batteries were introduced to the market in the 1990’s, based on 
research of two decades earlier, and their performance has been growing steadily at the 
rate of a few percent each year. On current rates of improvement, this technology will 
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not be impactful in the mass market of vehicles, and on grid storage, for another two 
decades. From a fundamental perspective, it is believable that the ultimate electrical 
storage technology could have an energy density comparable to that of gasoline, which 
is about a factor of 100. As an aside, the best solar PV technologies exceed 30% 
efficiency, and LED lighting approaches 80%. So we believe that electrical storage is 
currently under-researched, partly because the whole periodic table of the elements is 
in play. JCESR aims to fill the front end of the nation’s innovation pipeline with the 
knowledge required to ultimately move us beyond the performance limitations of 
existing battery systems. In this way, the federal government appropriately balances risk 
by funding a portfolio of research that will enable next-generation advanced Li-ion 
systems through DOE’S Energy Frontier Research Centers (EFRCs) and Office of 
Energy Efficiency and Renewable Research (EERE) while also supporting research to 
deliver on the ambitious objective of discovering new materials for technologies that do 
not yet exist. We expect that the eventual market for electrical storage will be complex: 
lightweight but expensive solutions for consumer electronics; lightweight but cost- 
competitive solutions for vehicle transportation; low cost solutions for the grid. Each of 
these technologies will have to meet different specifications for energy density, rate of 
discharge, weight, and cost. It seems likely that multiple technologies will be developed 
for different applications. The pull from grid applications is the most recent, and it may 
be there that the most immediate gains from new technology development are to be 
had. 

The specific goal of JCESR is to make the materials-level discoveries required for the 
development of battery systems with five times the energy density at one-fifth the cost 
of those benchmarked in 201 2. The ultimate technological goal is to deliver early-stage 
prototypic battery cells. Note that the cost component is a core part of the goals of the 
program. 

JCESR performs “techno-economic (TE) modeling,” a process originated through EERE 
research on Li-ion batteries. In TE modeling, battery systems and manufacturing plants 
are developed using computer models, with industrial entities as partners in the model 
creation. TE modeling is used to project materials innovation into a deep understanding 
of pack-level manufacturing costs for a variety of batteries, including Li-S, magnesium- 
ion, and flow batteries. 

TE modeling ensures that we incorporate industrial perspective on engineering and cost 
reality while conducting translation of materials-level discoveries into real systems. In 
this way, TE modeling ensures our materials research stays on target for both the 
performance and cost required by the original equipment manufacturers and end users. 
Some of our exploratory research is designed to answer fundamental questions of 
phenomenological behavior at the atomic level. But even that research is aimed at 
understanding materials behavior so we can identify and develop materials that enable 
higher performance at lower cost. It is an unusual experiment to be incorporating TE 
modelling at an early stage of research, but we believe it is important in order to focus 
quickly on deliverable solutions to the market. 

An important goal of the JCESR approach is to dramatically increase the energy density 
and decrease the cost of energy storage systems while carefully coupling our research 
with the supply chain. JCESR aims to enable product development by industry for both 


6 



396 


grid and automotive applications. The ultimate goal is to discover and enable the 
disruptive technology that can be rapidly translated and commercialized by U.S. 
industry. JCESR partners include industry precisely for that purpose. 

The batteries of the future must deliver the required performance at a cost that is 
competitive with gas peaker plants for the grid and internal combustion engines for 
transportation. There will be multiple “winning” technologies. Winners may include 
advanced, next-generation Li-ion batteries that contain a host of newly discovered 
materials and engineering innovations; flow batteries using novel concepts for the grid; 
lightweight batteries that are beyond Li-ion; and possibly even advanced lead acid 
batteries. The makeup of the battery will be immaterial to the end user, who will simply 
see the battery of the future that meets the performance and price goals necessary for 
their energy storage needs. 

Question 7 : In your testimony, you discuss the importance of continuing to collect 
information about the grid through things like phasor measurement units and smart 
meter devices. Can you provide further details on how/ this increased information will 
lead to better grid reliability? What do you think the biggest challenges to managing this 
data will be? 

Data collection is a critical component of creating a smarter, more resilient grid. The 
collection of real-time data allows continuous monitoring of the grid, which enables 
operators to spot issues before they become major problems, and even anticipate 
issues before they occur. Phasor Measurement Units (PMUs) provide a good illustration 
of how this type of data acquisition can aid in creating a future grid. 

PMUs increase data acquisition rates from once every five seconds to 30 times a 
second, and therefore offer a much more complete picture of what is happening on the 
grid. Currently, many important events cannot be observed at the slower time scale. 

Analysis of PMU data helped identify many problems that were previously unknown, 
such as oscillations associated with improperly configured generators, generators 
interacting across the grid, and various transient events. Understanding and correcting 
these problems will help improve grid reliability. 

PMUs are also being incorporated into high-speed control systems, where controls 
frequently need to operate in fractions of a second. This type of system is being 
explored for voltage and frequency regulation, with the potential for reducing the reserve 
margins on the grid by running it as a more finely tuned machine, enabled by the high- 
speed data provided by PMUs. 

In order to realize the potential, however, it is necessary to connect these PMUs 
together into a national sensor network. The National Power Grid Simulator (NPGS) is a 
key element of realizing the potential of the PMU network. The NPGS would provide the 
wide area situational awareness needed to avoid an event such as the 2003 Blackout. 
PMUs offer a much more complete picture of what is happening on the grid. In 
Argonne’s current work with ComEd we are finding transient features that have never 
been observed before. We are using ComEd’s data logs to correlate these features with 
normal and abnormal behavior, then studying the behavior prior to events to see if there 
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are ways to predict impacts and develop the ability to stop or mitigate the 
consequences. 

Question 8 : How many registered electric vehicles are in the United States right now? 
How many were registered in 2010? What are your projections for the number of 
registered electric vehicles in 2020 and 2025? And on what grounds do you base your 
projections? 

Sales of electric vehicles have increased dramatically over the past five years as 
technology advances have made the vehicles more attractive to consumers. 
Approximately 300,000 Plug-In Electric Vehicles (PEVs) have been sold in the United 
States as of January 2015. 

The PEV category encompasses battery electric vehicles (BEVs), such as the Nissan 
Leaf, that are fueled by electricity only; plug-in hybrid electric vehicles (PHEVs), such as 
the Plug-in version of the Prius, that are fueled by both electricity and gasoline; and 
extended range electric vehicles (EREVs), such as the BMW i3, which use an engine to 
drive a generator that recharges the battery once it is expended. Nonetheless, this 
remains a small market, though one which is growing. 

Industry numbers indicate that in 2010, there were an insignificant number of these 
vehicles on American roads. However, analysis by Argonne indicates that EVs are on 
track for growth that significantly outpaces hybrid vehicles. For instance, the Prius 
hybrid, which does not use wall-plug electricity, was released in 1999, and the first U.S, 
PEVs were released at the end of 201 0. By comparing sales of each for the first 31 
months since their respective release, PEVs are outselling hybrids by a factor of more 
than two to one. 

A sampling of industry projections indicate that American manufacturers are committed 
to plug-in vehicles. By 2020, Ford projects that from 10-25 percent of its fleet will be 
'conventional' hybrids, PHEVs, or BEVs. GM states it will produce some 500,000 PEVs 
by the year 2017, including the Chevy Volt and the upcoming Bolt EV. 

Independent analysis also supports substantial growth in PEV sales. Navigant 
Research projects worldwide sales will reach 6.6 million units by 2020 and constitute 
2.4% of global auto sales by 2023. Navigant expects U.S. consumers to purchase 2.7 
million units by 2023. 

Of course the sales of electric vehicles are influenced by factors well beyond their 
efficiency and price, particularly the cost of fossil fuels. The markets are variable 
internationally, but one might note that low energy prices in the USA provide a basis to 
support manufacturing to develop an export market to less favored countries who have 
significant problems in pollution and fossil energy costs. 

Question 9 : In its FY2016 budget request, the Department of Energy has asked for 
$10 million for Transformer Resilience and Advanced Components, a program designed 
to advance the understanding of electromagnetic pulses (EMP) and geomagnetic 
disturbances (GMD) on transformers and other grid components. What new research is 
Argonne currently doing in this area? What research has Argonne done in the past in 
this area? How are other DOE National Laboratories participating in this effort? 
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Serious geomagnetic disturbances (GMD) are predictable and have a risk to our 
infrastructure at the 1% level, which is not to be neglected. Electromagnetic pulses 
(EMP) are inherently unpredictable. It would be wise to have a grid resilient to both. 

Argonne has conducted a number of projects to evaluate the effects of EMP and GMD 
on transformers and other grid components. For example, Argonne analyzed the 
impacts of a GMD event on the electric grid for DOE and presented results to federal, 
state, and local stakeholders at the Northeast Regional Energy Assurance Exercise in 
2011. As part of this analysis, Argonne identified substations in the region most at risk 
from a major solar storm, as well as possible methods to replace failed equipment. In 
addition, Argonne is working with the Department of Homeland Security (DHS) to 
assess the potential impacts from commercially available EMP generators on critical 
infrastructure while evaluating various approaches to protecting these assets from EMP 
threats. In a previous initiative with DHS, Argonne examined the potential impacts of a 
solar storm on the energy sector and the use of an EMP generator on critical nodes in 
the natural gas pipeline network. 

Looking more broadly across the national lab community, Los Alamos National 
Laboratory and Lawrence Livermore National Laboratory have developed models of 
EMP effects that can be used with an appropriate model of the grid. Idaho National 
Laboratory has run tests on the impact of the magneto-hydrodynamic effect, which is 
the major risk to transformers from EMP and GMD. This is but a small sampling of the 
work going on across the national laboratory complex. 

Question 10 : Your testimony mentioned the need to protect grid infrastructure assets 
such as large transformers at substations. Please describe the Department of 
Homeland Security status on deveioping modular transformers. How far away are we 
from developing and implementing standardized transformers in key high-voltage 
classes? Are any such efforts currently underway in the Administration? 

While Argonne has worked closely with DHS on many research efforts related to grid 
protection, we have not been involved in the entire scope of DHS work in this area. I 
believe DHS officials would be best positioned to report on the entirety of their work on 
grid infrastructure. We would be happy to help facilitate such a briefing from DHS and 
contribute to this effort as we can. 

Question 1 1 : Could you please elaborate on the role the national labs play in enabling 
innovation, specifically as it relates to energy storage solutions for microgrids and 
distributed energy solutions? 

One of our nation’s most precious assets is what we refer to as our innovation 
ecosystem, which brings together national labs, academia and private industry in an 
environment that gives the nation a powerful competitive edge, providing solutions to 
major national challenges and fueling economic growth. This system is the envy of the 
world, which is why so many other nations are trying to copy our model. 

Argonne is proud to be a part of this ecosystem, as we recognize the whole of the 
system is much more powerful than the sum of its parts in addressing national scientific 
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priorities. One of those priorities is clearly energy storage and the role it will play in the 
future grid. By engaging our national labs, universities and private industry through this 
innovation ecosystem, we are poised for major breakthroughs that will continue to 
assure leading status of the U.S. in grid technology. 

JCESR is a perfect illustration of how the innovation ecosystem can drive 
breakthroughs in critical areas like energy storage that will enable the future grid. 

JCESR brings together national leaders in science and engineering from five national 
labs, five universities and four private sector partners. By pooling the knowledge and 
resources of these partners, JCESR is poised to pave the way for energy storage 
beyond Li-ion. 

While JCESR focuses on the next generation of energy storage, Li-ion is still evolving in 
important ways that will serve as a bridge to the future grid. Argonne is actively involved 
in that work, along with other national labs. Argonne discovered and developed a novel 
lithium ion cathode material, called nickel-manganese-cobalt (NMC), that has since 
been licensed to and commercialized by BASF, LG Chemical, and General Motors, 

NMC is one component in the battery cells LG manufactures for both GM and Ford. 
These same cells are incorporated into grid-level battery systems manufactured by 
AES, which has multiple commercial projects across the U.S. that will result in more 
than 600 MW-hours of storage on the grid. 

Another example of innovation in grid research can be found in the Regional Resiliency 
Assessment Program (RRAP), led by DHS with support from Argonne. Through these 
regional assessments across the nation, Argonne is evaluating the risks of extended 
and cascading power outages due to natural and manmade hazards. Assessments 
conducted through the RRAP identify the most critical facilities in a community that 
require more resilient power. Distributed energy sources are considered as a resilient 
power option for a community or infrastructure system to obtain clean, reliable energy in 
the face of power outages. While RRAPs primarily focus on identifying the risks of 
power outages and the locations most likely to experience these outages due to a 
particular disaster, these analyses increasingly inform broader policy decisions and 
provide technical assistance to advance resilient power across the country. 

Lastly, Argonne is working with an industry and university consortium to develop a first- 
of-its-kind cluster of networked microgrids in Chicago. Our microgrid research focuses 
on the development of advanced microgrid controllers and intentional sectionalization of 
the distribution system into virtual microgrids to achieve a self-healing resilient grid. We 
have also begun collaborating with the University of Alaska to better understand the 
scope of implementing microgrids within Alaskan communities. 

Question 12 : You stated that it might take up to 20 years for current energy storage 
technoiogies to meet the desired improved performance parameters. Can you provide a 
better sense of what these performance parameters are? Can you provide more detaiis 
on the types of technologies that are being investigated and how these differ from 
current-day technoiogies? 

Current storage technologies, such as Li-ion, have been improving steadily in efficiency 
and cost performance at the rate of a few percent a year. We need a factor of about 5 
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in both capacity and cost to enable a 300 mile range for an electric vehicle at a 
competitive price, or to provide on grid storage competitively with peaker plants. The 
current technologies are on track to get there in a few decades at the current rates of 
progress. This is not negligible - it has taken a cellphone from the 1990’s brick model to 
a lightweight device (though that device is now mostly battery). The creation of energy 
storage solutions that meet the needs of the future grid is a substantial challenge that 
will require the type of cooperation between labs, industry, and academia demonstrated 
by JCESR. Achieving this goal will require a long-term effort and the best work of all 
participants. 

The required performance parameters vary somewhat by application, but generally 
include higher energy density, higher power density, long life, and lower cost. In some 
applications, such as frequency regulation in the second-to-second time frame on the 
grid, higher power density might be the goal. Other applications, such as short-term 
storage for renewable energy production, might focus on higher energy density. In all 
applications, however, the predominant performance parameter is a combination of 
reliability and cost. 

For the grid, an example of the type of technology investigated by JCESR is non- 
aqueous redox flow batteries. Aqueous systems are limited to 1 .4 V, at which water is 
electrolyzed. By discovering materials that function in a non-aqueous solution or 
suspension, the combination of a higher operating voltage combined with materials that 
can store more energy in a smaller volume will result in lower cost and higher delivery of 
both power and long-term energy. For this application, the goal is cost reduction of the 
inactive components - such as tanks, pumps, and valves - that balance the potentially 
high cost of non-aqueous solvents. 

Although the grid can accommodate larger systems, our TE models show that smaller 
batteries for the grid can often cost less, even when the active materials cost more than 
materials that use water. Although volume is often not a primary driver for the grid, as it 
is for transportation, it is a secondary driver because lower volume correlates to lower 
cost. Research shows that if we can achieve higher concentration of active energy 
storage materials in a flowable system at a higher voltage, then we can create a smaller 
system. 

Another important example is the approach of the national laboratories to delivering 
higher-energy, more stable, lower cost materials for next generation Li-ion battery 
systems. Upon discovery of such materials, industry will be able to capitalize on existing 
and growing manufacturing infrastructure to move quickly to lower the cost of Li-ion 
systems that will compete in cost and performance with diesel generators and gas 
peaker plants. 

The timeframe for these types of technologies is in line with past major scientific 
undertakings. Development of breakthrough technologies, from concept to full 
commercial production, typically takes 10 to 20 years. Silicon-based integrated circuits, 
cellular technology, personal computers, solar energy, and aviation technology all look 
one to two decades to move from laboratory concept to commercial production and 
adoption. 
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In energy storage, the history is similar. Li-ion was first identified at Exxon in the iate 
1970s, and the first commercial Li-ion battery was introduced by Sony in 1991 . Full- 
scale commercial activity for automotive and grid applications has only occurred within 
the last decade. The full journey from discovery to commercialization to adoption is 
required to realize the true economic potential and societal impact of new, materials- 
based technologies, 

JCESR is working to shorten this process through coordination and cooperation with 
industry; through cooperative research; and through carefully negotiated intellectual- 
property agreements. This type of public-private partnership model can be developed to 
expedite translation of basic research to adoption. This model can be employed while 
maintaining the important tenet of fairness of opportunity that is a cornerstone of the 
U.S. free-market system. JCESR is one such model of an effective public-private 
partnership that increases the interactions between national laboratories and industry 
without exclusive arrangements for intellectual property. We are actively exploring the 
opportunity to develop other consortia based on the same model to expedite innovation 
and commercialization. 

Question 13 : In your testimony you mentioned the work done at the Joint Center for 
Energy Storage Research (JCESR), which is the DOE energy storage research hub 
housed at Argonne. 

a. Can you discuss the lessons learned from this consortium of national labs, 
academia and industry? 

b. Would you regard this consortium as a successful model for promoting 
technological innovation and useful collaborative efforts among stakeholders? 

c. How can the federal government best support such public-private 
partnerships, and what is your opinion on its current level of engagement? 

a. The creation, launch, and operation of JCESR has taught us several lessons that will 
be important moving forward with these types of public-private partnerships. First 
and foremost, early engagement of the partners - both traditional research partners 
like national labs and academia, as well as industry - is key to developing trusting 
relationships and the creation of important and compelling work scope. This early 
engagement enables the work to commence quickly once the funding is in place. 

A second lesson is that research with a clear technological goal is not for everyone, 
and that this is acceptable, and, in fact, encouraged. There must be a balance in the 
portfolio of research across the nation, from basic exploration to discovery that is 
mission-oriented. A third key lesson is that larger projects are required for larger 
problems. One positive side effect of larger funding modalities like JCESR or the 
EFRCs is that the entity can shift its research when discoveries dictate a change. 
These shifts are difficult in projects funded at smaller levels. Another important 
lesson is that a deep connection to industry is vital to keep our basic research 
focused in the right direction. 

Finally, we have discovered that a team of complementary skills is a must. 

Physicists and chemists need to work with engineers; experimentalists with theorists 
and computational scientists; academic researchers with commercially-focused 
scientists and engineers. This mix is vital to create the productive friction between 
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basic discovery and the urgency associated with the profit-motive of commercial 
needs. 

b. We have found through our work leading JCESR that this model is extremely 
successful at fostering the type of collaboration necessary to address these large 
challenges. The combination of research philosophies from the labs and from 
industry creates a productive friction that results in more rapid innovation. 

Specifically, the combination of scientific and engineering disciplines creates 
pressure that results in new ideas. 

Much of industry does not have the capability to perform long-horizon discovery 
research using tools like synchrotrons and supercomputers. Likewise, most basic 
scientists have long-developed careers focused on deep understanding of materials 
behavior down to the atomic level. The productive mix of basic scientists focused on 
scientific understanding with engineers focused on technology delivery results in 
discovery on a more specific timeline than if the scientists did not work with the 
engineers. This interaction also enables the engineers to witness and sometimes 
drive discovery by the scientists that would not be achieved by the engineers alone. 

It is not a perfect system; sometimes the academic-oriented scientists are frustrated 
with the immediacy of industry’s goals, and sometimes the industrial partners are 
frustrated with basic discovery's deliberate methodology, but the mix truly drives 
productivity when aiming research toward a specific use. 

c. Based on our ongoing success with JCESR, it seems the federal government clearly 
has a vital role in effectively fostering these types of collaborations. The federal 
government can support such public-private partnerships by allowing for exploration 
of new ways to develop legal structures, specifically structures that encourage 
private investment and participation that better capitalizes on the existing public 
investment in research. The federal government could also help by rewarding these 
types of partnerships with funding from various federal sources. 

A pair of recent studies from Brookings and the American Academy of Arts & 

Sciences may be helpful in consideration of this question. The reports, which 
discuss ways to support science research and the national labs, are available here: 

http://www.brookinas.edu/research/reports/2014/09/10-national-labs-andes-muro-stepp 

https://www.amacad.ora/content/Research/researchproiect.aspx?d=1276 

Question 14 : It is well known that the national labs play an important role in the 
development of innovative advanced reactors that can potentially offer clean, safe and 
secure future energy solutions. Can you please comment on the potential for these 
advanced nuclear reactor technologies increase the resilience and reliability of the grid 
of the future and the role of the national labs in realizing such reactors? Please identify 
barriers to the advancement and deployment of these technologies. 

Nuclear energy is a critical component of the nation’s electricity generation capacity and 
will need to grow in capability over the coming decades, given that it provides unique 
benefits in resiliency and reliability that other sources of electricity cannot match. In 
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terms of grid reliability, nuclear is the only source that provides consistent, reliable, and 
carbon-free base-load energy, which can offset variable-supply sources, such as 
renewables. 

Nuclear energy has supplied electricity to the U.S. national grid since the late 1950s and 
at this time supplies about 20% of the overall national electricity supply, accounting for 
over 65% of the nation’s carbon-free electricity. Nuclear energy has zero emitted 
greenhouse gases during operations. Nuclear is also one of the nation’s most reliable 
base-load energy sources, as demonstrated by its availability during the polar vortex 
(cold wave) of 2013-2014, when other energy sources struggled to deliver needed 
electricity. The diversity of energy supply is critically linked to the welfare of U.S. citizens 
and national security of the country. 

Nuclear technologies should be advanced to continue to provide a reliable source of 
electricity, especially as the grid becomes more dependent on variable energy sources 
like wind and solar. Advanced nuclear technologies are necessary to supply the grid 
with reliable, competitive base-load energy in a deregulated market. 

Challenges to incorporation of advanced nuclear technologies into the grid of the future 
include low natural gas prices and regional distortions from tax credits and similar 
market-shifting mechanisms for other energy sources, which hinder nuclear from 
competing on a level playing field based on its technical merits. These factors, if left 
unchecked, could create a barrier to advanced reactors and result in the shutdown of 
more existing nuclear power plants across the country. This issue is exacerbated by the 
rules in use by the electricity Regional Transmission Organizations (RTOs) and is more 
pronounced in unregulated energy markets in the U.S. Preservation of current nuclear 
power plants serves as an important bridge to future advanced reactors that can provide 
transformational changes to the effective use of nuclear fuel resources, the minimization 
of nuclear waste, and other beneficial attributes of an advanced energy system. 

In the near term, nuclear plants would benefit from serving purposes other than 
supplying electricity to the grid to enhance their benefit to the nation. For example, 
nuclear facilities that use a fraction of the heat or electricity produced for other revenue- 
generating purposes, such as water desalination, hydrogen production, or process 
heating, are currently being investigated. The larger question of energy storage during 
non-peak hours for release during peak demands is also being considered as a way of 
making nuclear energy more competitive. At the same time such storage could be used 
to reduce variability on the electricity grid from renewable energy sources. In the long 
term, advanced nuclear systems that provide the capability to greatly increase fuel 
utilization and reduce nuclear waste generation are currently being studied and 
technologies are being developed. 

National laboratories - including Argonne, Idaho National Laboratory (INL), Oak Ridge 
National Laboratory (ORNL), and others - have a crucial role in helping create the 
necessary components to make current-generation nuclear systems competitive in this 
environment. INL is leading an effort to create hybrid nuclear systems that combine 
power production with other missions for current-generation nuclear power plants. INL 
and Argonne are leading national efforts to develop next-generation advanced nuclear 
systems, such as a very high temperature reactor system that uses high thermal 
efficiency for conversion of heat to electricity and fast reactors that allow for 
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transformational use of resources and minimization of nuclear waste. Current funding 
from the DOE Office of Nuclear Energy supports these efforts, but additional resources 
would be needed to enable rapid progress on the development and deployment of 
advanced nuclear plants. An additional challenge is the licensing pathway for advanced 
nuclear plants that could delay deployment, a challenge for the Nuclear Regulatory 
Commission (NRC) to develop the necessary regulations on advanced concepts within 
the current regulatory regime. 

Question 15 : Recognizing that projections are dilficult to make, please provide your 
best estimates for the timeframe for wide-scale market penetration of the most 
promising grid technologies. 

The most promising grid technologies at this time are arguably PMUs and those devices 
generally referred to as Smart Grid technologies 

PMUs are currently on the grid in fair numbers, with more than 1,200 devices deployed, 
but their complete integration into utility operations is still a few years away. National 
standards are being refined, and companies are developing commercial packages and 
seeking demonstration projects at utilities to test these systems. Most of the current 
deployment of PMUs has been on the transmission grid, however there is growing use 
on the distribution grid, especially in places like San Diego and Hawaii where there is a 
large deployment of rooftop solar. With so much generation and storage moving to the 
distribution grid, the increased information speed and the situational awareness that 
PMUs provide will be crucial. Planners at utilities now recognize that the hottest day of 
the year may no longer be the most challenging day of the year for grid operations. 

Currently, the transmission grid is reasonably well covered and penetration continues to 
increase, now at utility expense. This is due, in part, to PMUs being installed at an 
incremental cost during system control upgrades, which cover the cost of the 
connection system. Use of PMUs on the distribution grid remains exploratory, but could 
lead to the deployment of tens of thousands of PMUs in the next 10 years. 

Smart Grid technology has expanded dramatically in the past few years by establishing 
two-way communication between the utility and the consumer. The ARRA helped 
deploy millions of smart meters, and many companies are building meters and selling 
applications. Current estimates indicate more than 50 million smart meters are 
deployed, or roughly 32 percent of all meters. Achieving full market penetration could 
still take years, but the technology has clearly made dramatic inroads. 

Smart meters enable many associated technologies, including smart thermostats, 
appliance controls, and other technologies that enhance safety, security, and increase 
the democratization of the grid for a wider range of customers. These technologies 
continue to make inroads with consumers, and widespread adoption of many of these 
devices is ongoing. 

Roof-top solar continues to grow rapidly. Smaller-scale storage is growing, particularly 
in California, with laws that require storage for utilities. The market for storage on the 
customer’s side of the meter is growing rapidly, as well. Electric vehicles already impact 
the way the grid operates, and when vehicle to grid (V2G) is available, consumers will 
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be able to use the EV’s battery to self power back to the grid or supplement their local 
power system. In rural areas, especially off-grid, as well as selected suburban areas, 
there is potential for rapid development of microgrids incorporating local small-scale 
power generation and storage. 

Senator Joe Manchin III 


Question 1 : Dr. Littlewood, some states and regions, including right here in DC, have 
mandated smart meters on everyone’s home. Other utilities and state PUCs, including 
in my state, have sought a more selective deployment of these meters. 

In addition, there have been experiments where companies such as Google have 
allowed for home energy management systems that essentially skip over the utility 
meter and provide consumption information directly to the consumer through a chip in a 
thermostat or appliance. 

Is it your view that we should widely deploy these smart meters or can we take a more 
selective approach? In other words, is the only solution an expensive smart meter on 
every home or are there benefits to a more selective application of these, as is being 
done in my state and others? 

I certainly wouldn’t presume to make broad generalizations about what is best for all 
states, areas or individuals. With such a massive and diverse piece of infrastructure as 
the national grid, which encompasses thousands of electricity providers and about 150 
million customers, each situation will have unique requirements and will likely demand a 
somewhat tailored solution for achieving the goal of a modern, resilient grid, 

I think what we can all agree on, in the broadest of terms, is that more information to 
empower consumers and more communication within the grid are positive 
developments that will be keys to ensuring our grid in the future. 

Interestingly, the example in your question illustrates how the solution likely involves 
elements of all approaches. Google/NEST is a fascinating system that puts powerful 
information in the hands of homeowners. However, my understanding is that it currently 
requires a smart meter to serve as the primary link to the utility. NEST can monitor and 
control individual devices and systems, but a smart meter is required to monitor the 
entire home for energy usage and relay that information between the consumer and 
utility. In some places, smart meters are also used for providing energy pricing 
information to consumers for use in decision making. These meters can potentially 
provide other valuable information between utility and consumer. 

As the future grid evolves, I suspect you will see more and more of this type of hybrid 
system, with small sensors and controllers embedded in many devices and appliances 
to monitor energy usage, coupled with larger information channels to the utilities. In fact, 
Argonne researchers are right now investigating ways to create tiny sensors that can be 
embedded into many types of devices. Armed with this type of information, consumers 
will be able to fully understand their energy usage and take full advantage of the 
democratized grid. 

Senator Mazie K. Hirono 
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Question 1 : Hawaii is home to the Maui Smart Grid Project, which, with federai 
support, is evaluating new smart grid technologies to enable a cleaner, more efficient 
energy system on that island. Part of the project examines energy storage technologies 
as a way to increase reliability and lower the cost of electric service. 

Could you please elaborate on the research that Argonne is doing to develop energy 
storage systems, and explain when people in Hawaii might commonly see those 
systems in their communities? 

The people of Hawaii and the rest of the country likely already have these types of 
energy storage technologies incorporated in their communities. Integration of storage 
technology is ongoing across the country in a variety of areas, but is being done so 
seamlessly that it often goes unnoticed. 

While our DOE-funded Li-ion research is focused on enabling electric-drive 
transportation, materials discovered at Argonne are being used in battery technology for 
electronics and stationary storage, as well as automotive applications. The same LG- 
Chemical cells that are in the Chevy Volt - which contain cathode material invented at 
Argonne and licensed to BASF, LG and Generai Motors - are used in AES Energy 
Storage systems for the grid. While AES technology is not yet part of the Maui project, 
AES has been awarded a large contract by Southern California Edison to supply 
hundreds of megawatt-hours of storage to California. Similarly, Argonne has a history of 
working with the A123 company, which supplies Li-ion batteries into the Maui Smart 
Grid Project. 

In the longer term, batteries that move beyond the performance of Li-ion will likely be 
delivered commercially in 10-15 years. The basic research and early-stage prototypes 
are being discovered now, and that discovery process itself will take at least five years. 
Commercialization that foliows will take 5-10 years. This drive to prototyping and 
commercialization is a vital part of the nation’s effort to enable breakthrough technology 
that moves the world beyond the limitations of Li-ion. 

Such a portfolio of materials research balances risk for the investment. The Joint Center 
for Energy Storage Research (JCESR) research is not necessarily a higher risk in terms 
of discovering new materials, as new materials discovery and development is difficult 
regardless of the technology at the end use. However, with next-generation Li- ion, 
there is a small but growing manufacturing base in the United States that can be tapped 
into, so the delivery of new technology is relatively seamless from a manufacturing 
perspective. JCESR aims to deliver technology that reaches past the physically-limited 
performance of Li-ion, so it will likely deliver novel discoveries that require new 
manufacturing techniques. Hence, by performing research within a portfolio like this, risk 
is balanced and mitigated. 

Question 2 : Which three goals would you recommend Congress or the Administration 
set to help spur modernization of the grid over the next ten years? 

For this recommendation, I would defer to the Grid Modernization Laboratory 
Consortium (GMLC), of which Argonne is a proud member. The GMLC has brought 
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together the greatest minds in grid planning from our national laboratory system to 
create a cohesive and effective vision and plan for creating the future grid. Their efforts 
can be used to inform policy decisions by the Congress and Administration. 

The GMLC has set an appropriately ambitious goal over the next 10 years of reducing 
the societal costs of power outages by 10 percent, cutting by 33 percent the cost of 
reserve margins while maintaining reliability and cutting in half the costs of wind, solar, 
and other distributed generation integration. I believe if the national labs work with 
academia and industry to drive the types of innovations necessary to achieve these 
goals, we will be well on our way to achieving the reliable and resilient grid we are all 
seeking. 

Question 3 : Camp Smith in Hawaii is the headquarters to the U.S. Pacific Command, 
Special Operations Command Pacific and Marine Forces Pacific. Camp Smith is 
building new on-site generation sources and has hosted microgrid demonstration 
projects with the intent of becoming a microgrid to become the first military installation in 
the U.S. to have the ability to maintain all critical operations in the event of a power 
outage. This is part of the Department of Defense 's Smart Power Infrastructure 
Demonstration for Energy Reliability and Security effort, also called SPIDERS. 

I am glad that Secretary Moniz established the Grid Modernization Laboratory 
Consortium in November, but meeting our nation 's energy challenges will require as 
much collaboration as possible. 

How much are you coordinating and cooperating with the Department of Defense on 
grid modernization, and do you discuss how to apply the technology and knowledge 
learned to civilian uses? 

Clearly, finding a way to move our current grid into a more reliable, safe and resilient 
future will require cooperation across government, academia and private industry. The 
SPIDERS effort is a fascinating undertaking that illustrates that necessity. 

DOD and DOE signed an MOU in 2010 to collaborate on energy challenges of interest 
and concern. That MOU really gained steam recently when it was named as one of the 
DOE’S “Big Ideas” under the direction of Energy Secretary Ernest Moniz. DOD identified 
microgrid technology, and SPIDERS in particular, as a top priority for the MOU, which 
has led to great progress on the effort. While Sandia National Laboratories are leading 
the SPIDERS effort, all members of the GMLC are supporting, as appropriate, and 
following the outcome. 

Microgrids are a promising technology that will play an important role in the grid of the 
future. Argonne has been researching microgrid technology for some time now, and no 
doubt new information and approaches will come out of the SPIDERS effort that will 
inform our efforts moving forward. Like all of the members of the GMLC, Argonne is 
committed to fostering this type of collaboration to ensure the energy future of our 
country. 

Question 4 : As a country, we need to develop protocols for dealing with potential 
cybersecurity attacks on our grid. How should we do this? Who is best positioned to 
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lead development of the protocols — private enterprise, the government, or both 
working together? 

Given the importance to the nation of our power grid and the increasingly sophisticated 
adversaries we face today, cybersecurity is a great concern to all who are working to 
create a more secure and resilient grid. This concern cannot be addressed by any one 
entity, but is instead a broad-based threat that requires an “ail hands on deck” 
approach, incorporating the strengths of government, academia and private enterprise. 
In this area, Argonne is particularly interested in the Industrial Control Systems (ICS) 
that monitor and control the nation’s electrical grid, as well as the traditional information 
technology systems that support operations. The nation’s electrical grid is exposed to 
cyberattacks on a regular basis and must be protected from all threats. The 
communication to and from machines that operate the electric grid travels over both 
private and public networks. This improves operating efficiency but increases 
vulnerability. Focus on understanding the threats, vulnerabilities, and consequences is 
necessary to defend against external attack. 

Protocol and standards development require a concerted partnership between private 
enterprise and the government. The willingness and ability to share cybersecurity 
information can be enhanced through economic incentives, liability protection for private 
industry, and making information available publicly. Greater information sharing will, in 
turn, increase capabilities to evaluate mitigation strategies, address emerging 
challenges, such as technology supply chain risk, and better understand and respond to 
complex and ever-changing cybersecurity threats. 

The North American Electric Reliability Corporation (NERC) and the Federal Energy 
Regulatory Commission (FERC) have recognized the need to implement cybersecurity 
controls in the energy sector, particularly the electric subsector. For example, NERC 
Critical Infrastructure Protection Standards outline basic cybersecurity and physical 
security controls. The Nuclear Energy Institute and the Nuclear Regulatory Commission 
developed a set of standards for cybersecurity in the nuclear subsector that plant 
operators have adopted and implemented. While substantial opportunities remain to 
develop cybersecurity protocols for all critical infrastructure sectors, these programs 
demonstrate that public-private partnerships are well-positioned to lead effective 
standards development and promulgation. 

The standards development process requires input and feedback from public sector 
stakeholders, industry groups and associations, equipment manufacturers, software 
developers, operators, system integrators, and other interested parties. The 
recommended approach is to follow proven standards development processes that 
include initial, open discussions to elicit concerns and potential solutions; development 
of a draft standard; an open comment period for stakeholder review; and follow-on 
forums to discuss and refine the standard moving forward. The process used by the 
National Institute for Standards and Technology in developing the Cybersecurity 
Framework offers a sound example of an inclusive approach that built on subject matter 
expertise from government, private sector, and academia. 

Senator Ron Wyden 
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Question 1 : 4s many of you have testified, energy storage is the Swiss Army knife of 
the electric grid. Energy storage has the potential to solve many of the problems 
discussed in this hearing. Storage helps integrate renewables, It can help keep the 
lights on during extreme weather events, and it makes the whole grid operate more 
smoothly. It’s no secret that I think energy storage is a good deal for the American 
public: the tool just needs sharpening to live up to its potential to reshape the grid. In 
particular, the recent progress to bring down costs and increase efficiency must 
continue. The barriers to storage aren’t Just cost, though, utilities also aren’t used to 
working with storage yet, and regulations for storage vary from state to state. 

I continue to favor providing tax incentives for energy storage to encourage its 
deployment, but what else should be done to give energy storage the boost it needs? 
Please don’t restrict your answer to the jurisdiction of the Senate Energy Committee, 
please also comment on useful policy solutions within the jurisdiction of the Senate 
Finance Committee. 

This is a critical question that will require input from all levels of government. As a 
national laboratory, Argonne is focused on providing the type of groundbreaking 
research that will enable the types of breakthroughs required to fulfill the promise of 
energy storage to transform our grid. While we do not advocate for particular policy 
initiatives, we have discovered through our work much information that could be helpful 
for policy makers as they consider this important challenge for the nation. 

Insight into potential avenues to address this issue can be found in the policies and 
operation of the grids in California, Alaska, and Hawaii. California has developed policy 
specifically aimed to deliver storage to the grid, and that policy has already driven a 
250MW procurement of battery systems by Southern California Edison, Much will be 
learned in the coming years about the efficacy of this policy and the performance and 
integration of the variety of energy storage systems being deployed in California. In 
Alaska, the grid was built essentially as a series of connected and disconnected micro- 
grids, or islanded grids, which could provide insight into the deployment of microgrids in 
other parts of the country. Renewable sources of wind and solar are being integrated 
into these islands with battery systems, which is another interesting development. In 
Hawaii, the penetration of renewable energy sources has already begun to transform 
the normal operation of the grid, requiring battery systems to enable the individual 
consumers to best capitalize on the democratization of energy production. 

A careful study of Alaska and Hawaii, in particular, could help us understand both the 
creation and operation of microgrids and the disruption of “normal’’ grid operation. While 
both states have unique circumstances that differ from other parts of the United States, 
such as islands and remote locations, grid developments in Alaska and Hawaii could be 
studied to inform decisions on the future of the rest of the nation's grid. This study can 
then be used to make a reasoned case for appropriate policy. 

The grid's vast nature and diverse construction are two final issues that will require 
study to illuminate policy decisions on storage. Nuanced decisions will be required in 
both technology and policy to accommodate broad regional differences. No single group 
has yet been assembled to provide a thorough answer to the questions this diversity 
poses. Triggered by the Joint Center for Energy Storage Research (JCESR) outreach 
activities to the broader community, Argonne is working with the Electric Power 
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Research Institute (EPRI), the Electricity Storage Association, and others to develop 
and execute a series of workshops across the nation to gather the organizations, 
people, and information required to identify the needs of each area of the country, so 
appropriate technology and policy can be developed. 

Clearly, the policy discussions that enable transformative technology on such a critical 
piece of infrastructure as the grid will need to be conducted carefully and thoroughly. 
Argonne is happy to be amongst the many entities providing the science and 
engineering that will help illuminate those discussions. 

Question 2 : What opportunities are there for the federal government to play a role In 
further unlocking the potential of demand response in America using the smart grid? Is it 
simply setting communications standards for appliances? Is it providing funding for pilot 
projects? I’m particularly interested to hear your thoughts on how to help grow demand 
response opportunities for homes and small businesses. 

As the United States moves toward a cleaner grid with significantly larger shares of 
variable resources such as wind and solar, we will see a dramatic increase in the need 
for grid flexibility to balance the intermittent supply. A range of technologies can provide 
this flexibility, including next-generation, fully-automated demand response. Demand 
response (DR) is enabled through the proliferation of intelligent consumer devices and 
appliances, along with the deployment of smart/advanced meters, estimated to have 
reached 50 million units or roughly 32 percent of all meters. Smart meter penetration in 
the residential sector is slightly higher than in the commercial sector. FERC estimates 
that retail and wholesale market demand resources currently provide the potential for 
approximately 55 GW of peak load reduction. 

The adoption of common protocols such as OpenADR, Smart Energy Profile 2.0 and 
Green Button Progress has allowed progress in uniform standards for communicating 
DR pricing, signals, and usage data. However, with the plethora of new enabling 
technologies offered by companies entering the growing home automation and smart- 
home market, FERC's recent demand response assessment sees the proliferation of 
incompatible technologies as a near-term challenge that needs to be addressed. If we 
want to unlock the full potential of demand response, we also must address the slow 
adoption rate of time-based electricity rates, particularly by residential customers. 
Estimates put the number of households on dynamic rates at less than one percent. 

Fully and effectively engaging the consumer remains the subject of ongoing research. 
DOE’S Grid Modernization Lab Consortium (GMLC), of which Argonne is a participant, 
recognizes the potential of demand response in the overall grid modernization effort. 

The GMLC promotes research in advanced distribution feeders and advanced grid 
planning and analytics platforms that would enable more demand-side options for 
consumers while contributing to leaner reserve margins in grid operations. The GMLC 
also advocates for improved energy management systems to enable self-awareness of 
building status, incorporate multiple sensor Inputs and enhance building capability to 
participate in demand response, provide ancillary services, and facilitate widespread 
buiiding-to-grid integration. This could be underpinned by establishing a federated test 
bed that would facilitate testing of various demand response scenarios and building 
energy management systems. 


21 



411 


Utilities and state and local governments are playing a role in driving increased use of 
demand response, as well, by providing funding and incentives for pilot projects. 

In the end, maximizing the potential of demand response in the future grid will require 
the efforts of interested parties at all levels, from the federal government to device 
manufacturers, utilities and state and local governments, ending with the most important 
stakeholder of all; consumers. 
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Questions for the Record Submitted to Dr. Jeff Taft 
from Senator Lisa Murkowski 

Question 1 : Please describe what ancillary services are and why they are needed to maintain grid 
reliability. How can distributed energy sources contribute to these needed grid reliability 
services, and under what time frame? 

Answer 1 : FERC defines ancillary services as "those services necessary to support the 
transmission of electric power from seller to purchaser given the obligations of control areas and 
transmitting utilities within those control areas to maintain reliable operations of the 
interconnected transmission system.” It identifies six broad categories of ancillary services that 
the electric system must supply to accomplish this, ranging from scheduling and dispatch of 
generation to system protection. Among these are a set of specific services, traditionally 
supplied by power plants that are required to meet requirements for stable and reliable operation 
of the grid. These are the most common use of the term “ancillary services.” NERC and 
regional entities establish the minimum amount of each service that is required. From FERC’s 
Energy Primer, these are: 

• Regulation matches generation with very short-term changes in load by moving 
generator output up and down every few seconds to maintain system frequency at 60 
hertz. Failure to do so can result in collapse of an electric grid. 

• Operating reserves are needed to immediately replace a generator that trips off line 
unexpectedly. It is provided by units that can act quickly, rather than coal, or nuclear 
plants that are slow to respond. There are three types: 

o Spinning reserves can be provided by a generator that is operating with some 
unloaded (spare) capacity and capable of increasing its output within 10 minutes. 

o Non-spinning reserves come from generating units that can be brought online in 
10 minutes. 

o Supplemental reserves come from generating units that can be made available in 
30 minutes. 

• Reactive power is the portion of power that establishes and maintains electric and 
magnetic fields in magnetic equipment, including rotating machinery and transformers. It 
is necessary for transporting AC power over transmission lines, and is consumed as 
power flows. The relative production of real and reactive power by generators is adjusted 
to maintain the proper supply of reactive power to prevent the grid from collapsing. 

• Black start is provided by generators - such as hydroelectric facilities and diesel 
generators -that can start delivering power without any outside assistance from the 
electric grid to power pumps, fans, or other equipment. These are the first to be started up 
in the event of a complete collapse of the grid. 


Basically what this all means that our power grids are operated in finely timed dynamic balance 
at all times, with adjustments being made as often as every four seconds to maintain proper 
power flows, and to keep parameters such as voltage and system frequency within narrow limits. 
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To do this requires a number of capabilities that are in a sense auxiliary to the main business of 
generating power and delivering it to users. These auxiliary functions require various technical 
means and processes, and are the ancillary services. They may be supplied by utilities, or may be 
supplied by third parties, and in some regions are acquired for the grid through organized central 
power and energy markets. 

Since many ancillary services involve adjusting power flows, it is possible for Distributed 
Energy Resources (DER: demand response, distributed storage and generation) to perform some 
of these services when coordinated in sufficiently aggregated quantities. This can include adding 
energy to the grid from distributed generation, reducing loads via demand response, or taking 
incremental amounts of energy from the grid and placing them into storage temporarily. It is 
feasible now for DER to perform some ancillary services and with increasing penetration of DER 
in the grid, and in fact this is gradually being allowed by wholesale market operators. Coupled 
with the development and deployment of advanced controls, power electronics, and storage, it is 
feasible for DER to play a significant role in providing ancillary services in the five to ten-year 
time frame. 

Question 2 : In your testimony, you highlight four technologies that are key to modernizing the 
grid - sensing and data analysis, high voltage power electronics, fast and flexible bulk energy 
storage, and advanced planning and control methods and tools. Which of these do you believe is 
the most readily deployable? Which one of these faces the biggest challenge to scalable, 
commercial deployment? 

Answer 2 : Each of the technologies in the list faces challenges in deployment. Advanced 
sensing and high voltage power electronics require deployment in very many grid locations and 
so represent deployment cost issues regardless of the cost of the components themselves. In 
addition, sensing requires adequate communications networking, which is not in place 
everywhere. Data analysis and advanced planning and control methods require new tool 
development and either high performance computing or distributed computing, depending on the 
implementations, and so face both development and industry adoption cycle time challenges. 
Storage and power electronics must continue the downward drive on costs and in the case of 
storage, open questions on how to value storage-based functions and services must be resolved. 

Of the technologies in the list, storage is the most readily deployable, whereas advanced sensing 
and power electronics for distribution grids face the biggest challenges to scalable deployment 
due to deployment logistics and economics. 

Questions 3 : In your testimony, you discussed the importance of continuing to collect 
information about the grid through things like phasor measurement units and smart meter 
devices. Can you provide further details on how this additional information will lead to better 
grid reliability? What will be the biggest challenges to managing this data? 

Answer 3 : Grid sensing, which includes the operating state of the grid, but also includes 
monitoring the health and accumulated stress conditions on grid components, as well as factors 
affecting the grid and its parts, such environmental conditions and makes it possible to react 
automatically to grid events and conditions at speeds that keep up with the ever-faster dynamics 
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of the grid. This is how, for example, a grid can automatically reroute power in the event of a 
line fault or change the loading on a transmission line or transformer in hot conditions so as to 
preserve or extend component life and therefore avoid or minimize the impact of an outage. Such 
sensing makes it possible to see conditions building up in the grid that, if left unattended, will 
result in wide or local area blackouts, and to take action in advance to mitigate the problem or to 
act quickly and automatically to restore service when it is lost. Monitoring of grid component 
health enables predictive maintenance and proactive management of asset life, both of which are 
important to maintaining overall grid reliability. 

The biggest challenge to collecting this data is not the actual sensing, data transport, or data 
storage issues; it is the ability to extract useful information from the data flood automatically and 
reliably and then to connect that information to decision and control processes. Without the 
information extraction and the connection to decision and control, the latent value of the raw data 
cannot be realized. The value of the data is equal to the value of the decisions that use it 
(decision here includes the step by step control outputs that use such data as well). The chain of 
data measurement, analytics, and decision/control must be complete, otherwise sensing and data 
collection is just a cost with no benefit. 

Question 4 : The Pacific Northwest Smart Grid Initiative encompassed many states, utilities and 
the Pacific NW National Lab. In your testimony, you highlight the Department of Energy’s 
cross-cutting initiative on grid modernization. What lessons learned from the Smart Grid 
Initiative could be applied to this effort moving forward? 

Answer 4 : The Pacific Northwest Smart Grid Initiative showed that it is feasible to have many 
non-utility assets partner with the grid in overall operation of an energy system. This means that 
homes, small businesses, commercial buildings, distributed generation, storage, microgrids, and 
other resources can be coordinated in a manner that is both automatic and beneficial to all 
concerned. The net result is greater flexibility in incorporation of diverse energy resources (such 
as the high penetration of wind in the Pacific NW), more efficient grid operation, and better 
opportunities for “prosumers” to participate in energy ecology. The project demonstrated how 
this can be accomplished in regions that do not have deregulated wholesale markets. Beyond 
previous demonstrations of transactive energy approaches, it made significant advances in the 
functionality of the control and coordination approach by incorporating a look-ahead signal. At 
the same time, the project pointed to the need for more rigorous approaches to both grid 
architecture and distributed control and coordination, so as to ensure smooth and effective 
operation of the full energy system, comprised of the utility assets and the consumer and third 
party stakeholder assets. 

Question 5 : In your written testimony, you dive more deeply into what the grid will look like in 
2030. What do you believe the biggest game changer will be for the future of the grid? 

Answer 5 : The biggest game changer will be the conversion of the grid from a one-way electric 
energy delivery channel to an N-way energy network that supports broad access and innovation 
in energy production, delivery, and usage. The technologies listed in my testimony all support 
such an evolution, but additional changes will be needed in industry structure, power and energy 
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markets, grid control and coordination, building control and operation, and it will need the 
incorporation of fast flexible storage at multiple scales throughout the grid. 

Question 6 : What technologies are you most excited about and why? Also, what is the 
timeframe for development and at what cost? 

Answer 6 : 1 am excited about the combination of fast flexible storage, high voltage power 
electronics and advanced controls for grid functions. Regardless of how our grids evolve (and 
they will evolve differently in different regions and under differing organizing principles and 
emerging trends) this combination represents a new type of grid component that will become a 
standard part of new grid designs going forward. Its ability to support multiple uses 
simultaneously and to decouple source and load volatilities represent an important advance in 
power grid technology under any future grid scenario. 

Question 7 : Can you provide further details regarding the effect of information and 
communications technologies on the future of grid innovation? What are the challenges and 
opportunities in more fully integrating the grid with communications technology? 

Answer 7 : Information and Communication Technologies (ICT) have been a part of the grid one 
way or another for decades. However, during the era of what some refer to as Grid 2.0 (the last 
two decades where much effort has gone into what was known as the ’’Smart Grid”, peaking with 
the ARRA work and still continuing to some extent) the convergence of ICT and the grid greatly 
accelerated. The result of that work was to improve the overall “intelligence” of the grid. Now as 
we move into what some are calling Grid 3.0 and most call grid modernization, the value of ICT 
is even greater that it was before. New requirements and emerging trends for the grid resulting in 
faster behavior have only added to the need for automated sensing, measurement, data transport, 
and data processing of various kinds. The transformation from centralized control to distributed 
control and coordination cannot take place without ubiquitous communication technology in 
particular. To fully integrate the extended energy system that includes the grid along with many 
assets not owned by the utilities and to enable prosumers to interact with the grid and each other, 
to foster energy innovation via the grid, ICT is a core technology and its continued convergence 
with the grid is not just important, it is assumed. 

Grid communications is not without challenges. For wireless communications, spectrum 
allocation is often an issue. Some types of wireless communication that have been fine for smart 
meters have proven problematic for more demanding applications of distribution automation. 
Communication networks can also be chatmels for cyber-attack and so network security issues 
must be handled rigorously. The inclusion of the internet as part of a utility communication 
channel, while not typical, has been considered and would only expand the security issues for 
utilities. 

Communications technology is a core enabler for grid modernization since utility assets are 
geographically dispersed. The introduction of DER and prosumer interaction with the grid can 
only happen with the use of communication technology. In addition, the combination of 
advanced transmission level sensing (phasor measurement units) with wide area networking 
offers an opportunity to significantly improve wide area grid protection and control by enabling 
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closed loop control for grid stabilization and for backup protection, as well as enabling adaptive 
protection that adjusts to grid conditions automatically instead of being fixed at installation time. 
Communications is the nervous system for the grid and increasing grid intelligence is not 
possible without it. 

Question 8 : During the hearing, you referenced the California ISO’s goal of 1 .3 GW of energy 
storage by 2020. What are the biggest challenges California faces in meetings this goal within 
five years? 

Answer 8 : The California Public Utilities Commission has set annual procurement targets for 
the three Investor Owned Utilities that add up to a total of 1 325 MW by 2020, and these are 
broken down into three categories: transmission connected, distribution system connected, and 
behind the customer meter. The transmission connected portion is 700 MW, and the CAISO 
received over 2000 MW of storage projects (almost entirely battery) in its interconnection queue 
in the April 2014 request window. There will be another request window in April 2015, so more 
requests may be submitted. Last year CAISO clarified certain rules regarding storage 
interconnection to enable storage projects to enter the queue, which is officially a "generator" 
interconnection queue. The upshot is that the tariff allows treating storage as a generator that can 
have negative output, which greatly clarifies and simplifies interconnection for these projects 
(i.e., instead of viewing them as a combined generator plus load, which would then require them 
to participate in two interconnection processes). California also has a market participant 
construct called "Non Generator Resources" (NGR) that was specifically designed for storage - 
the resource can have both negative and positive output, and the economic dispatch algorithm 
keeps track of its state of charge so as to optimize its charging and discharging cycles to meet 
grid needs. Storage facilities using NGR can provide energy and ancillary services in the 
wholesale market. 

There are several large challenges facing California in meeting this goal. From the standpoint of 
the CAISO, the challenges are how to pay for the new infrastructure and how to obtain 
maximum benefit to customers and the grid from the multiple services that storage can provide. 
This second point is important because most market models presume that an asset has a single 
function, something that is not the case for storage. Consequently, the issue of how market rules 
should be designed to include storage is of significant import. 

From the standpoint of the vendors of storage components and storage based-services, the 
challenge is to understand the economics of storage as a component of the grid, and since storage 
has certain unique properties compared to other approaches for supply ancillary services, 
resolving how to value the multiple ways storage can be of use and determining who the “buyer” 
of storage services is are open questions. There are also questions about control of storage, 
integration of storage to the grid, as well as best location of storage units and whether therefore 
location should be factored in to the value of storage. 
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Questions for the Record Submitted to Dr. Jeff Taft 
from Senator Ron Wyden 

Question 1 : As many of you have testified, energy storage is the Swiss Army knife of the 
electric grid. Energy storage has the potential to solve many of the problems discussed in 
this hearing. Storage helps integrate renewables, it can help keep the lights on during 
extreme weather events, and it makes the whole grid operate more smoothly. It’s no 
secret that 1 think energy storage is a good deal for the American public; the tool just 
needs sharpening to live up to its potential to reshape the grid. In particular, the recent 
progress to bring down costs and increase efficiency must continue. The barriers to 
storage aren’t just cost, though, utilities also aren’t used to working with storage yet, and 
regulations for storage vary from state to state. 

1 continue to favor providing tax incentives for energy storage to encourage its 
deployment, but what else should be done to give energy storage the boost it needs? 
Please don’t restrict your answer to the jurisdiction of the Senate Energy Committee, 
please also comment on useful policy solutions within the jurisdiction of the Senate 
Finance Committee. 

Answer 1 : As an employee of a non-profit organization working at a Federal facility, I 
can only provide facts and technical insights. Certainly it is necessary to continue to 
drive costs of storage downward, but in addition, advanced controls to make storage 
behave in useful ways are also needed. Storage is unique among power grid components 
in that it can receive energy, release energy, and retain energy. For those classes of 
storage that are fast and flexible, many useful functions can be provided simultaneously, 
provided the necessary control systems are available. These functions include the well- 
known operations of smoothing out variations in variable energy resource like wind and 
solar, as well as providing electrical backup to support grid resilience. But they also 
include providing stabilization of the grid to help “ride through” small disturbances as 
well as ancillary services like support for system frequency regulation. Additional issues 
for storage include not just engineering integration of storage to grids, but for those part 
of the country that have organized centralized power and energy markets, they also 
include how to integrate storage into wholesale markets and how to value and regulate 
storage, especially storage that may be owned and operated by merchant or third party 
groups. At the distribution level, similar issues are emerging as regards the use of storage 
as a Distributed Energy Resource (DER) and a question there is whether storage will be 
treated as something that is dispatched from the system operator level and therefore 
subject to Federal regulation or whether there should be a distribution level means to 
manage storage so that it would be regulated at the State level. 

Two major challenges facing deployment of storage are 1) the diverse ways in which 
storage is treated in various regulatory environments and markets, and 2) the absence of 
monetization for some of the many services can provide. Efforts to harmonize the 
regulatory treatment of storage across different jurisdictions would be helpful in creating 
a more predicable market and regulatory environment, facilitating deployment of .storage 
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where it adds value. Efforts to establish regulatory and market mechanisms to allow 
utilities and customers to receive financial benefits for the various use cases and 
functions storage performs would facilitate deployment where prudent. Enabling 
establishment of long-term agreements which recognize those benefits would provide 
financial stability for capital investment in storage deployment. Additional efforts to 
address industry acceptance, including codes and standards and multiple demonstrations 
(important due to the diversity of energy storage technologies), are also important to 
facilitate storage deployment. 


Question 2 : What opportunities are there for the federal government to play a role in 
further unlocking the potential of demand response in America using the smart grid? Is it 
simply setting communications standards for appliances? Is it providing funding for pilot 
projects? I’m particularly interested to hear your thoughts on how to help grow demand 
response opportunities for homes and small businesses. 

Answer 2 : Communication and interface standards are always important and much work 
has been done in this area for Demand Response. More remains, especially as regards 
commercial buildings, but the larger issues that require attention relate to how demand 
response is integrated at the functional level with grid operations, how buildings and 
homes can operate in a more nearly peer-to-peer manner to exchange energy and energy 
services, and how distribution grids in particular can become broad access networks that 
support innovation in energy services such as demand response, not just to aid grid 
operations, but more broadly to enable general energy transactions among interested 
stakeholders, including the owners of homes, businesses, and commercial facilities. In 
this regard, the distribution utilities will pay a key role that likely will differ somewhat 
from the one they play now. Instead of being one-way electricity delivery channels, they 
may become more general electricity network operators, facilitating the use of their 
networks for many kinds of energy transactions. Doing this vvfll require changes in 
distribution grid infrastructure, and also changes in the roles and responsibilities of 
distribution utilities. The implications of these changes have impact at the bulk system 
level as well, so that infrastructure and especially control system changes will need a new 
architecture to guide investment. 

Some states are working on how to create markets for DER, including demand response, 
so that it is possible for entities of any size to participate. Such an approach has potential 
for broadening the participation of small business and homes in demand response by 
enabling them to do more than just respond to variable electricity rates, but to become 
suppliers of valued services to the grid and to their neighbors. 

One of the roles that DOE can provide in this area is the fostering of an overarching 
architectural vision for the grid, to be developed in concert with stakeholders of all kinds. 
The unique convening power of the Federal government and ability to marshal resources 
including the National Laboratories, programs such as ARPA-E, and organizations such 
as NIST, working in partnership with industry, the states, and regional stakeholders is the 
only means of tackling such a huge complex transformation of our energy systems. In 
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addition, DOE can help by supporting development of new methods of control and 
coordination that go beyond interface standards to help ready the grid and buildings, 
appliances, electric vehicle chargers, rooftop solar PV, etc., to be partners in the overall 
operation of a true energy network, to the benefit of all stakeholders. 

A general, advanced grid-customer interface and control/coordination strategy is required 
that maintains free will on the part of customers, yet encourages them to allow their 
homes and business to collaborate with the grid by offering a degree of flexibility in their 
usage patterns in exchange for an incentive or a lower energy bill. Such a user interface 
must support the variety of transactions that utilities might use to engage customers, yet 
provide a degree of generality and uniformity that helps utilities, customers, and 
technology vendors by simplifying deployment. It also must sort out which are the most 
advantageous opportunities for customer loads to participate in providing to the grid, 
since many if not all of the multiple operational objectives that storage could address 
could, at least in part, also addressed by flexible, grid responsive loads. Hence, a 
coordination scheme capable of engaging flexibility from demand, storage, and other 
DERs of all sorts should create a level playing field in which the most capable and least 
expensive assets are utilized. This is a big challenge that is just beginning to be 
addressed by Grid Modernization and some of the on-going efforts to construct 
transactive energy concepts consistent with the architectural vision. 

The creation of a shared architectural vision, the development of advanced interface and 
control/coordination technology, combined with activities in the states around redefining 
roles and responsibilities of distribution providers, and the development of markets for 
DER, including demand response, will enable the country to find the best ways to enable 
the use of demand response appropriate to each region’s unique goals and constraints. 


3 



U.S. Senate Committee on Energy and Natural Resources 
March 17, 2015 Hearing: The Electric Grid 


Questions for the Record Submitted to Dr. Jeff Taft 
from Senator James Risch 

Question 1 : Grid resiliency is an important component to any grid modernization effort 
moving forward. Will outcomes from the smart grid demonstration projects such as the 
Pacific Northwest Smart Grid Demonstration project include actionable items for the 
industry to enhance grid resiliency as technology is deployed? 

Answer 1: The Pacific Northwest Smart Grid Demonstration project outcomes will 
include significant lessons in how to enable non-utility assets such as distributed 
generation and demand response of buildings to provide services to the grid and 
effectively participate as partners in the management of the grid. So in addition to 
showing how a well instrumented flexible and interactive grid can enable consumer 
savings and reduction in peak demand on a grid, it also shows how they can assist in 
managing the output from renewable generation to help maintain grid reliability despite 
this new source of variability in the system. During the Pacific Northwest Smart Grid 
Demonstration project, Bonneville Power Authority tested the system against a half 
dozen resilience scenarios to determine how the system would respond. In all but one of 
the cases, the system detected and developed an appropriate response to the event. Going 
forward, the lessons from this project will be used to inform utilities about resilience 
measures and to improve the smart grid technology to address reliability and resilience 
events in a robust manner. 

Question 2 : In recent years, Bonneville Power Administration experienced periods of 
oversupply during high water flow and high wind events, leading to frustration over 
balancing the system load and dealing equitably with the energy imbalance. Much of the 
Pacific Northwest Smart Grid Demonstration project centered on this very issue - how to 
improve renewable forecasting and integration. What lessons did we learn from that 
project that will improve the grid and allow for better management of these situations? 

Answer 2 : A primary lesson from the Pacific Northwest Smart Grid Demonstration is 
that it is possible to have customers and utilities cooperate in the management of the grid, 
thus providing new degrees of freedom to deal with events such as those you reference. 
This can be done with automation on both ends so that it does not constitute a burden on 
consumers to participate and in fact can provide tangible benefits to consumers as well as 
to the power system as a whole. By providing mechanisms to enable loads to adapt to 
varying energy supply conditions (as opposed to the original grid operational mode of 
generation always following load) the overall energy system can absorb variations that 
present difficulties under the more constrained 20*'' Century grid model. The project 
showed how loads could be engaged to adjust their operation up as well as down, which 
can help in oversupply situations that are of relatively short duration. The distributed 
storage resources in the project provide even greater flexibility and extend the duration of 
the response. The project enabled coordinated customer and utility actions on a 5 minute 
time frame, much faster than traditional markets, which can, when broadly implemented, 



421 


U.S. Senate Committee on Energy and Natural Resources 
March 17, 2015 Hearing: The Electric Grid 

enable reduction in grid reserve requirements, and more effective use of existing 
generation. 


Question 3 : In a system where regulatory forces and utility business models mean 
operational equipment is purchased to run for decades, (not 3-4 years as is typical in IT); 
modernization presents us with an unprecedented opportunity to deploy systems that are 
"secure by design." The DOE recently issue guidance for procuring secure energy 
systems, and its Grid Modernization Lab Consortium (GMLC) initiative includes a push 
in its multi-lab Security and Resilience group to design security into new grid 
components. Along these lines, do you see enough being done to take maximum 
advantage of the current push to modernize? 

Answer 3 : The issue of security (both cyber and physical) is top of mind in the utility 
industry and much progress has been made in improving security, due in part to the 
NERC Critical Infrastructure Protection (CIP) rules that have gone through multiple 
generations of increasing rigor. A problem that utilities have is that many legacy devices 
and systems do not have advanced cybersecurity capabilities and it is not practical to 
replace all of them in a short time frame, so there is a continually shifting mix of old and 
new elements in the grid that will continue for some time. At the same time, adversaries 
are innovating faster than our supply chain can provide secure solutions. Utilities (using 
NERC CIP as an operational standard) have difficulties procuring uniform security 
functionality from the supply chain. Much of the supply chain for the grid’s control 
system infrastructure comes from multi-national corporations. Often, utilities are faced 
with challenges in getting the cost of cyber security investments to be covered by their 
rate base (controlled by state public utility commissions). This gives the adversaries an 
asymmetrical advantage. Grid Modernization is widening the necessary holistic view of 
the issue, and considering an all hazards perspective that includes nature as well as 
people. Threat Intelligence, Active Monitoring, Incident Response and Recovery are also 
being considered along with R&D topics related to securing components of the grid. 

When considering the current push to modernize, it is important to consider how to 
influence the supply chain to better support these national interests and how to provide 
incentives for the utilities to adopt innovative cyber security approaches that are more 
nimble and able to adapt to change like the adversaries are. A side effect of the 
regulations from NERC CIP is that compliance has become the focus as opposed to more 
dynamic approaches that are increasingly needed. 
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Question for the Record Submitted to Dr. Jeff Taft 
from Senator Joe Manchin HI 

Question 1 : Dr. Taft, your written testimony touches on our changing fuel mix, as well as 
retiring baseload generation. You also mention the specific technologies you see as 
critical to the future of the grid. Can you explain how and to what degree new grid 
technologies can address the reliability concerns we will likely face? 

Answer 1 : The 20*'’ Century US Power grid was developed according to principles that 
included the use of centralized dispatchable generation, very little energy storage, load- 
following control, and design/operation for reliability achieved in part through the use of 
large operational margins. As the need to include additional economic constraints into 
grid operation developed, and as new functional requirements began to emerge, the 
methods of sensing and measurement and for grid management and control have 
changed. In fact, actual structure of the grid has begun to change, resulting in new grid 
characteristics and behaviors. The specific technologies I cited in my testimony are those 
that are most influential in addressing the changes now happening to the grid. 

• Improved sensing and measurement is a key to knowing what is happening and 
is about to happen on the grid - without this it is very difficult to ensure proper 
operation. One cannot manage that which is not measured. 

• Because grid data comes in ever increasing volumes, it is necessary to have 
automated methods for extracting the useful information from floods of data - 
hence the need for advanced grid analytics. 

• Next, we must connect this information to decision and control processes. 

Existing tools for grid management do not address many of the upcoming changes 
and so more advanced grid planning and control methods are needed and this 
requires advances in high performance computing and control mathematics. 

• Having advanced measurement, analytics, and control methods is still not 
sufficient; actual control mechanisms must be available to implement new grid 
operations. This is where high voltage power electronics comes into play - it 
provides new flexibility in controlling power flows and regulating voltages and 
other key grid parameters, and interfacing new devices to the grid to maintain 
reliability. 

• Finally, storage is a crucial new tool for leveling out fluctuations that can be 
caused by non-dispatchable energy sources like wind and solar, and can also 
provide the energy buffers to assist the grid during stressful events ranging from 
component failures all the way to extreme weather events and attacks. 

The technologies listed above are crucial to a grid that responds and adapts to changing 
conditions, including changed grid behaviors, component failures, and stress events and 
so will have a major role in ensuring continuing grid reliability. 
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Questions for the Record Submitted to Dr. Jeffrey Taft 
from Senator Mazie K. Hirono 

Question 1 : Camp Smith in Hawaii is the headquarters to the U.S. Pacific Command, 
Special Operations Command Pacific and Marine Forces Pacific. Camp Smith is 
building new on-site generation sources and has hosted microgrid demonstration projects 
with the intent of becoming the first military installation in the U.S. to have the ability to 
maintain all critical operations in the event of a power outage. This is part of the 
Department of Defense’s Smart Power Infrastructure Demonstration for Energy 
Reliability and Security effort, also called SPIDERS. 

I am glad that Secretary Moniz established the Grid Modernization Laboratory 
Consortium in November, but meeting our nation’s energy challenges will require as 
much collaboration as possible. 

How much are you coordinating and cooperating with the Department of Defense on grid 
modernization, and do you discuss how to bring the technology and knowledge learned to 
civilian use? 

Answer 1 : The development of microgrids is of great significance in the US utility 
industry and much of the advanced work has been done in DOD facilities. Camp Smith 
is the third phase of the SPIDERS Joint Capability Test Demonstration (JCTD) project; 
the first JCTD supported by the DOD, DOE, and DHS. The DOE Office of Electricity 
Delivery and Energy Reliability, under Assistant Secretary Hoffman, funded multiple 
DOE laboratories to participate in SPIDERS, including PNNL, under a joint DOE/DoD 
Memorandum of Understanding. The purpose of this memorandum is “...to identify a 
framework for cooperation and partnerships between the Department of Energy (DOE) 
and the Department of Defense. . .”. 

A major focus of SPIDERS is to transition the technologies and lessons learned to the 
utility industry. In addition to acting as the official Operational Test Agent for SPIDERS, 
PNNL is the Assistant Transition manager in charge facilitating the dissemination of 
SPIDERS knowledge where possible; this has included formal presentations at 
conferences, workshops, seminars, and discussions with utilities, such as the presentation 
given to engineers at Puget Sound Energy on SPIDERS. 

As SPIDERS concludes in 2015 with the final Operational Demonstration (OD) at Camp 
Smith, additional opportunities to coordinate the results with industry will be pursued. 

The SPIDERS program has been very valuable, and as PNNL has staff members who 
have been directly Involved in this effort and who are able to bring the lessons learned 
from SPIDERS to the Grid Modernization Laboratory Consortium program. More 
generally, we also collaborate with DOD on cybersecurity issues. 
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Question 2 : Which three goals would you recommend Congress or the Administration 
set to help spur modernization of the grid over the next ten years? 

Answer 2 : 

1 . Foster the development of a stakeholder-driven overarching architectural vision 
for the grid of the 21®’ Century 

2. Advance certain core technologies that will be needed regardless of how the grid 
evolves; these are: 

o Sensing and data analysis - electronic sensing and automated information 
extraction that will require new data collection and analysis tools 

o High voltage power electronics - adjustable electronics for controlling grid 
power flows to replace today’s on/off electromechanical switches 

o Fast flexible bulk electric energy storage - can act as the buffer that evens 
out various power fluctuations and mismatches that can occur with diverse 
energy sources 

o Advanced planning and control methods and tools - new approaches using 
advanced control methods suitable for the modem grid that will require next 
generation high performance computing coupled with new control 
mathematics. 

3. Support the evolution of distribution grids into broad access networks to support 
advanced functionality and energy innovation that can involve stakeholders of any 
size. 



